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Sidebars in this Revised RFi/RI work plan text (Executhre Summary, and Section 10 through 50) denote 
changes from the Final Phase iI RFI/RI Work Plan dated 12 Aprv 1990 Sections 6 0  through 9 0  and 

Attachment 1 0 thrwgh 5 0 were not included in the 12 April 1990 work plan As these entire sections are new, 
sidebars are not provided Text changes made in response to an EPA or CDH comment (Attachment 5 0) are 

1 0 

I denoted by solid dots in the rigM hand margin 



EXECUTIVE SUMMARY 

L 

This document presents the work plan for the Phase II Resource Conservation and Recovety Act (RCRA) 

Facility Investigation/Comprehensive Environmental Response, Compensation and UabUity Act (CERCIA) 

at the Rocky flats Plant An initial (Phase I) field program was completed during 1987, and a draft RI report 

was submitted to the U S Environmental Protection Agency (EPA) and the Colorado Depertment of Health 
(CDH) on December 31, 1987 (Rockwdl International, 1987a) This Phase II RFt/RI Work Plan presents Site- 

specific plans for further field work to characterize contaminant sources, and the extent d sols, surface water, 

and groundwater contamination Also included are plans for human health and environmental risk 

assessments and a RCRA Corrective Measures Study/CERCIA Feasibility Study (CMS/FS) This work plan 

is based on results presented in the draft RI report as well as subsequent surface water and groundwater 

sampling and analysis In order to fully characterize the location, extent, and orientation of bedrock sandstones 

and subsequently the extent of contamination within these units, a seismic geophysical program was 

implemented at Operable Unit Number 2 (OU No 2) A separate Phase II RFI/RI Work Plan (bedrock) has 

been prepared and submitted under separate cover presenting results of the ongoing seismic survey and plans 

for further bedrock ground-water investigations (EG&G, 1991 a) The data obtained during the two components 

of the RFI/Ri field work will be combined and presented in a single RFI/RI report That report will be the basis 

for the CMS/PS and the baseline risk assessment 

, 

I 

I 

Remedial Investigation (RFI/RI), of the 903 Pad, Mound, and East Trenches Areas (Operable Unit Number 2) 

i 

A final Phase ii RFi/RI Work Pian for OU No 2 was submitted to EPA and CDH on 12 April 1990 (EG&G, 
199Oa) This February 1991 document is Revision 1 of the Final Phase Ii RFI/RI Work Plan (alluvial) and 

incorporates agency comments on the 12 April 1990 submtttal Although not required by the Interagency 

Agreement (IAG), Revision 1 was prepared so that final agency comments are reflected in a single document 

pnor to implementation of the Phase ii (alluvial) scope of work This better assures that the RFI/RI and 
CMS/FS are conducted in accordance with a plan to which all parties are in agreement It Is noted that this 

plan has also been modified for reasons not associated with specific agencies comments These changes have 

been made to 'update' the plan with respect to the current understanding of the site, other OU study activities 

that impact OU Number 2, and regulatory issues Major changes are as follows 

0 Revised geological characterization based on the ongoing seismic reflection study 

Addition of a concise site conceptual model 0 

0 Elaboration on data quality objectlves 
, 

0 Discussion of all Rocky Flats Piant treatability study programs 

Addition of seven plume characterization wells W e e n  the OU and site boundary because of 
the recent occurrence of contamination in this location 
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1 0  

INTRODUCTION 

~~ ~~ 

This document presents the alluvial work plan for the Phase II Resource Conservation and Recovery Act 

(RCRA) Facility Investigation/Comprehensive Environmental Response, Compensation and Uabilb Act 

(CERCLA) Remedlal Investigation (RFI/RI) of the 903 Pad, Mound, and East Trenches Areas [Operable Unit 
Number 2 (OU No 2)] at the Rocky flats Plant, Jefferson County, Colorado It addresses characterization of 

contaminant sources as well as the nature and extent of contamination in sutficial d s ,  borehole materials, 
and ground water within the upper hydrostratigraphic unit (HSU) This work plan also presents the tasks that 

must be completed in the performance of the RCRA Corrective Measure Study/CERClA Feaslbillty Study 

(CMS/FS) A comparable Phase II RFI/RI Work Plan (bedrock) has been completed which addresses 

charactenzation and the nature and extent of contamination in the bedrock and confined water bearing zones 

beneath the upper (alluvial) HSU (EG&G, 1991a) The data obtained during the "alluvial" and "bedrock" 

components of the RFI/RI field work will be combined and presented in a single RFI/RI report This report will 

be the basis for the baseline risk assessment (included in the RFI/RI Report) and the CMS/FS 

This investigation is part of a comprehensive, phased program of site characterization, remedial investigations, 

feasibilrty studies, and remedial/corrective actions currently in progress at the Rocky Fiats Plant These 

investigations are pursuant to the U S Department of Energy (DOE) Environtnental Restoration (ER) Program 

[formerly known as the Comprehenslve Environmental Assessment and Response Program (CEARP)], a 
Compliance Agreement between DOE, the U S Environmental Protection Agency (EPA), and the State of 
Colorado Department of Health (CDH) dated July 31, 1986, and the Federal Facility Agreement and Consent 

Order (FFACO) [known as the Inter-Agency Agreement (IAG)] The program developed by DOE, EPA, and 

CDH in response to the agreements addresses RCRA and CERCLA issues and has been integrated with the 

ER Program In accordance with the IAG, the CERCLA terms "Remedial Investigation" and "Feasibility Study" 

in this document are considered equivalent to the RCRA terms "RCRA Facility Investigation" and "Corrective 

Measures Study" 

@ 

1 1 ENVIRONMENTAL RESTORATION PROGRAM 

The ER Program is designed to investigate and clean up contaminated sites at DOE faclities The ER Program 

is being implemented in flve phases Phase 1 (Installation Assessment) includes preliminary assessments and 
site inspections to assess potential environmental concerns Phase 2 (Remedial Investigations) indudes 
planning and implementation of sampling programs to delineate the magnitude and extent of contamination 

at specdic sltes, and evaluate potential contaminant migration pathways Phase 3 (Feasibility Studies) 
evaluates remedial alternatrves and develops remedtal action plans to mltigate enwonmental problems 
identdied as needing correction in Phase 2 Phase 4 (Remedial Design/Remedml Action) includes design and 

0 
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implementation of site-specbic remedal actions selected on the basis of Phase 3 feasibility studies Phase 5 

(Compliance and Verbication) implements monrtoring and performance assessments of remedial actions, and 

verdies and documents the adequacy of remedial actions carried out under Phase 4 Phase 1 has already 

been completed at Rocky Flats Plant (DOE, 1986). and Phases 2, 3, and 4 are currently In progress for 

OU No 2 

@ 

Phase 2 activlties at OU No 2 include a Phase I RI and subsequent plans for Phase II Investigations An initial 

(Phase I) field program was completed at the 903 Pad, Mound, and East Trenches Areas in 1987, and a draft 

Phase I RI report was submitted to EPA and CDH in December 1967 (Rockwell International, 1987a) Based 

on results of that investigation and regulatory agency comments, planning for a Phase II investigation began 
in 1988 A draft Phase iI RI Work Plan was submmed to EPA and CDH In June 1988 (Rockwell International, 

1988a), which included plans for further characterization of sources as well as alluvial and bedrock ground- 

water flow systems Pursuant to the IAG, a second draft Phase II RI/FS work plan was submltted to EPA and 

CDH in December 1989 (Rockwell International, 1989a) which addressed characterization of sources and the 

uppermost aquder (surficial matenals and hydraulically connected sandstones) Based on EPA and CDH 

comments on the draft document, a final Phase II RFI/RI Work Plan for OU No 2 was submitted to EPA and 

CDH on 12 April 1990 (EG&G 1990a) This February 1991 document IS Revision 1 of the Final Phase II RFI/RI 

Work Plan (alluvial) and incorporates agency comments on the 12 Aprl 1990 submittal Although not required 

by the IAG, Revision 1 was prepared so that final agency comments are reflected in a single document prior 

to implementation of the Phase II (alluvial) scope of work This better assures that the RFI/RI and CMS/FS 

are conducted in accordance with a plan to which all patties are in agreement It Is noted that this plan has 

also been modrfied for reasons not associated with specific agencies comments These changes have been 

made to "update' the plan with respect to the current understanding of the site, other OU study activities that 

impact OU No 2, and regulatory issues Major changes are as follows 

@ 

0 Revised geological charactermtion based on the ongoing seismic reflection study (Section 
2 2  1) 

0 Adddion of a concise slte conceptual model (Section 2 4) 

0 Elaboration on data qualny objectlves (Section 3 0) 

0 Discussion of all Rocky Fiats Plant treatability study programs (Section 4 1 7) 

0 Adddion of seven plume characterization wells between the OU and sne boundary because of 
the recent occurrence of contamination in this location (Section 5 2 1 3) 

Elimination of surface water station sampling (except seeps) because the actMty is covered by 
OU Nos 5 and 6 as well as a sne-wlde surface water characterization program 

Adddion of a more extensive surface soil sampling program to assess the mobility of plutonium 
in the soiljwater environment (Section 5 4 and Attachment 1 0) 
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Addition of a detailed environmental evaluation work plan (EEWP) (Section 6 0) 

Elaboration and modification to the discussion of applicable or relevant and appropriate 
requirements (ARARs) (Section 7 0) 

Results of the Phase I Ri indicate that a depositionally complex bedrock hydrogeologic system exists beneath 
the 903 Pad, Mound, and East Trenches Areas A draft Geologic Characterization Report for the Rocky Flats 

Plant (EG&G, 1-b) has been prepared based on re-evaluation of log data and other geologic information 
That report contains a revised working model of the bedrock geology In order to further characterize the 

location, extent, and orientation of sandstones, and bedrock facies and stratigraphic relationship, high 

resdution seismic reflection programs were performed at OU No 2 (Rockwell International, 1- and EG&G, 

1990~) A separate Phase II RFI/RI Work Plan (bedrock) has been prepared presenting the information 

provided in the geologic characterization report with the results of the seismic survey to further refine the 

working model of the bedrock geology 

ER Program Phase 3 and 4 activity to date at OU No 2 consists of an Interim Measure/lnterim Remedial Action 

Plan (IM/IRAP) for contaminated surface water A draft IM/IRAP was submitted to EPA and CDH on 12 June 

1990 (EG&G, 199Od), and a Draft Final IM/IRAP was submitted to the agencies on 26 September 1990 (EG&G, 

1990e) Formal responses to agency comments on the draft IM/IRAP were also submitted with the draft final 

plan The Final IM/IRAP, which incorporated public and agency comments on previous drafts, was submitted 

to CDH and EPA on 11 January 1991 (EG&G, 1991 b) Due to public comments, this Final IM/IRAP, unlike the 

previous drafts, focuses only on South Walnut Creek A second IM/IRAP for Woman Creek is in preparation 

1 2 WORK PIAN OVERVIEW 

This Phase II RFI/RI Work Plan for the 903 Pad, Mound, and East Trenches Areas presents results of the Phase 

I Ri, defines data quality objectwes and data needs based on that investigation, specifies Remedial 

Investigation/FeaslbNity Studies (RI/FS) tasks, and presents a Field Sampling Plan (FSP) This section (1 0 

Introduction) presents site locations and descriptions, and Section 2 0  presents results of the Phase I RI 

Included in Section 2 0 are Phase I Characterization results for site geology and hydrology as well as the nature 

and extent of contamination in soils, ground water, surface water, and sediments Section 3 0 discusses data 

needs and data quality objectives (DQOs) for the Phase II RFI/RI investigation Section 4 0 specifies RI/FS 

tasks to be performed, and Section 5 0 presents the FSP to meet RI/FS objectives The EEWP for OU No 
2 is presented in Section 60, and the ARARs are presented in Section 7 0  The proposed schedule for 
conducting the RFI/RIFS is presented in Section 8 0,  and the site-specific Quality Assurance Addendum (QAA) 

is contained in Section 9 0 
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The field sampling @an for surficial sol1 sampling and for conducting the Environmental Evaluation (EE) is 

presented in Attachments 1 0 through 4 0 Attachment 5 0 contains the responses to EPA and CDH comments 

on the 12 April 1990 submittal of the OU No 2 Work Plan Appendices A through E contain avalable data 

pertaining to OU No 2 through second quarter 1989 (same data set that was used in the December 1989 

submittal) At this time, only a portion of the data have been validated, and these data are identified in the 

appendices by a qualifier adjacent to each datum The qualffier "V means the datum is valid, 'A" means the 

datum is acceptable with qualifications [breach of quality assurance (QA)], and 'R' means the datum is 

rejected Rejected data either did not conform to the significant aspects of Quality Assurance/Quality Control 

(QA/QC) procedures identified in the applicable ER Program QA/QC Plan (Rockwell International, 1989c), or 

there is insufficient documentation to demonstrate conformance with these procedures These data, at best, 

can only be considered qualitative measures of the analyte concentrations 

0 

Figure 1-1 depicts the conceptual boundary between the alluvial (upper HSU) and bedrock (lower HSU) 
components of the RFI/RI The upper HSU is defined as alluvial deposits and interconnected sandstones, and 

the lower HSU includes deeper bedrock units Subcropping sandstones are hydraulically connected with the 

overlying alluvium and thus are part of the upper HSU For the purpose of developing work pian scopes, the 

boundary between the upper and lower HSUs is consrdered to occur five feet below the upper surface of the 

uppermost claystone There will be some overlap between the two components of the RFI/RI However, 

characterization of the alluvial material and subcropping sandstones will be completed by the alluvial RFl/RI 

Overlap will occur in the weathered claystones and where lower sandstones subcrop 
0 

1 3 BACKGROUND AND PHYSICAL SElllNG 

1 3 1 Background 

The Rocky Flats Plant is a government-owned, contractor-operated facility, which is part of the nationwide 

nuclear weapons production complex The Plant was operated for the U S Atomic Energy Commission (AEC) 

from its inception in 1951 until the AEC was dissdved in January 1975 At that time, responsibility for the Plant 

was assigned to the Energy Research and Development Administration (ERDA), which was succeeded by the 

DOE in 1977 Dow Chemical U S A ,  an operating unit of the Dow Chemical Company, was the prime 

operating contractor of the facdtty from 1951 until June 30, 1975 Rockwell International was the prime 

contractor responsible for operating the Rocky Flats Plant from July 1, 1975, until December 31, 1989 EG&G, 
Rocky Flats, Inc , became the prrme contractor at the Rocky Flats Plant on January 1, 1990, and currently 

operates the Plant 
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1 3 1 1 Plant Opera tioni 

The primary mission of the Rocky Flats Plant is to fabrtcate nuclear weapon components from plutonium, 

uranium, and other non-radioactlve metals (principally beryllium and stainless steel) Parts made at the Plant 

are shipped elsewhere for assembly In addition, the Plant reprocesses components after they are removed 

from obsolete weapons for recovery of plutonium 

I 

Both radioactwe and nonradioactrve wastes are generated in the production process Current waste handling 

practices involve on-site and off-site recycling of hazardous materials, on-site storage of hazardous and 

radioactwe mixed wastes, and off-site disposal of sold radioactive materials at another DOE faclky However, 

both storage and disposal of hazardous, radioactive, and radioactwe mixed wastes occurred on Site In the past 
Preliminary assessments under the ER Program MentHied some of the past on-site storage and disposal 

locations as potential sources of environmental contamination 

1 3 1 2 Previous Investiaationa 

Various studies have been conducted at the Rocky Flats facillty to characterize environmental media and to 

assess the extent of radiological and chemical Contaminant releases to the environment The investigations 

performed prior to 1986 are summarized in Rockwell International (1986a) and include 

I 

~ @ 
e Detailed descriptions of the regional geology (Malde, 1955, Spencer, 1961, Scott, 1960, 1963, 

1970, 1972 and 1975, Van Horn, 1972 and 1976, DOE, 1980, Dames and Moore, 1981, and 
Robson, et el, 1981a and 1981b) 

e Several drilling programs beginning in 1960 that resulted in the construction of approximately 
60 mondor wells by 1982 

An investigation of surface and ground-water flow systems by the U S Gedogical Survey (Hurr, 
1976) 

Environmental, ecological, and public health studies which culminated In an environmental 
impact statement (DOE, 1980) 

e A summary report on ground-water hydrology using data from 1960 to 1985 (Hydro-Search, 
Inc , 1985) 

e A preliminary electromagnetic survey of the Plant perimeter (Hydro-Search, InC I 1986) 

A soil gas survey of the Plant perimeter and buffer zone (Tracer Research, Inc , 1986) 

Routine environmental monitoring programs addressing air, surface water, ground water, and 
soils These programs are summanzed in the annual environmental monkonng repons 
(Rockwell International, 1975 through 1983a, 1984, 1985, and 1986b) Additional information 
on routine environmental programs is also presented in post-1 986 annual environmental 
monitoring reports (Rockwell International, 1987b and 19894, and EG&G, 199Of) 
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In 1986, two major investigations were completed at the Plant The first was the ER Program Phase 1 

installation assessment (DOE, 1986) which included analyses and tdentlfication of current operational activities, 

active and inactwe waste sites, current and past waste management practices, and potential environmental 

pathways through which contaminants could be transported A number of sites were Mentified that could 

potentlally have adverse impacts on the environment These sites were designated SdM Waste Management 

Unlts (SWMUs) by Rockwell International (1987~) and were divided into three categories 

1) Hazardous waste management units that will continue to operate and need a RCRA operating 
Permit 

2) Hazardous waste management units that wll be closed under RCRA interim status 

3) inactive waste management unlts that will be investigated and cleaned up under Section 
3004(u) of RCRA or CERCLA 

The IAG redefines the SWMUs within the second and third categories as lndnridual Hazardous Substance Sites 

(IHSS) The term IS used hereinafter, however, no RCRA or CERCIA regulatory distinction In the use of the 

terms "sne", "unit", or "IHSS" is intended in this document 

The second major investigation completed at the Plant in 1986 involved a hydrogedogic and hydrochemical 

characterization of the entire Plant site Plans for this study were presented in Rockwell International (1986~ 

and 1986d), and study results were reported in Rockwell International (19866) Investigation results indicated 

four areas to be signdicant contributors to environmental contamination, with each area containing several 

sltes The areas are the 881 Hillslde Area, the 903 Pad Area, the Mound Area, and the East Trenches Area 

Due to their proximfiy, the 903 Pad, Mound, and East Trenches Areas were grouped together and designated 

OU No 2 A Phase I RI of OU No 2 was completed in December 1987 (Rockwell International, 1987a) Since 

that time, DOE, in conjunction with EPA and CDH, has been formulating plans for the Phase II RFI/RI as 

discussed in Section 1 1 

Two other Piant-wide studies have been conducted since the Phase I RI which affect further RFI/RI activities 

at OU No 2 First, a draft Geologic Characterization Report for the Rocky Flats Plant (EG&G, 199Ob) was 

completed in January 1990 based on re-evaluation of log data and other geologic information This study 

supersedes all previous geologic investigations with the exception of Hun (1976) The second study of note 

was the draft Background Geochemical Characterlzation Report (EG&G, 199Og) This revised report 

summarizes background data for ground water surface water, sediments, and geologic materials and identifies 

preliminary statistical boundaries of background variability 
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1 3 1 3 Current Investloations and S tudles 

OU No 2 is located between three other operable units where current studies are likely to provide data that 

will support the determination of the nature and extent of contamination at OU No 2 These operable units 

are, to the southwest, OU No 1 (881 Hillside Area), to the south OU No 5 (Woman Creek), and to the north, 

OU No 6 (Walnut Creek) The RFI/RI Phase 111 Work Plan for OU No 1 was conditionally approved by the 

regulatory agencies, and field investigations are scheduled to begin in April 1991 The draft RFI/RI Report for 

OU No 1 will be submitted in July 1992, well in advance of the OU No 2 RFI/RI Report (drafi report scheduled 

to be submitted in March 1993) This will permit full utilization of the OU No 1 Rndlngs for the OU No 2 

RFI/RI The OUs 5 and 6 RFI/RI Work Plans are scheduled to be submitted to the regulatory agencies in April 

1991, and the RFI/RI Reports will be submltted in late 1993 This will permit only partd utilization of data 

collected for these OUs 

In addition to these adjacent RFI/Rls, two interim measures/interim remedlal actions (IM/IRAs) for 

contaminated surface water at OU No 2 will be conducted during the course of the OU No 2 RFI/RI These 

IM/IRAs will provrde valuable data on the treatability of water contaminated with organtcs and radionuclMes 

which will support the detailed evaluation of alternatives for the OU No 2 CMS/FS There is also a she-wMe 

routine sampling program being conducted at Rocky Flats Surface water stations around the Plant are being 

sampled monthly for stte-wide characterization of surface waters 

Lastly, the IAG slte-wde actlvlties will augment the RFI/RI and CMS/FS for OU No 2 In particular, the site- 

wide treatabiilty studies will support the detailed evaluation of alternatives for the OU No 2 CMS/FS (see 

Section 4 1 7 for addltional information regarding treatability studies activbes), and the Historical Release 

Report may provide additional information on the nature of the wastes disposed at OU No 2 The draft 

Historical Release Report is scheduled to be submitted to the regulatory agencies in January 1992 

1 3 2 Physical Setting 

The Rocky Flats Plant is located in northern Jefferson County, Colorado, approximately 16 miles northwest of 

Denver (Figure 1-2) Other surrounding ctties include Boulder, Westminster, and Awada, which are located 

less than ten miles to the northwest, east, and southeast, respectively The Plant consists of approximately 
6,550 acres of federally owned land in Sections 1 through 4 and 9 through 15 of T2S, R70W, 6th Principal 

Meridian Major buildings are located wlthin the Plant security area of approximately 400 acres The security 

area is surrounded by a buffer zone of approximately 6,150 acres (Figure 1-3) 
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1 3 2 1  m D  hy 

The natural environment of the Plant and vicinity is Influenced primarily by its proximity to the Front Range of 

the Rocky Mountains The Plant is directly east of the north-south trending Front Range and is located about 

16 miles east of the Continental Dhride Rocky Flats Plant Is located on a broad, eastward sloping plain of 

coalescing alluvial fans developed along the Front Range at an elevation of approximately 6,OOO feet above 

mean sea level (msi) The fans extend about five miles in an eastward direction from their win at Coal Creek 

Canyon and terminate on the east at a break in slope to iow rolling hlis The operational area at the Plant is 

located near the eastern edge of the fans on a terrace between stream-cut valleys (North Walnut Creek and 

Woman Creek) 

1 3 2 2  Surface Watw HvdrolqOy 

Three intermittent streams drain the Rocky Flats Plant with flow generaiiy from west to east These drainages 

are Rock Creek, Walnut Creek, and Woman Creek (Figure 1-3) Rock Creek drains the northwestern corner 

of the Plant and flows northeast through the buffer zone to its off-site confluence with Coal Creek An east- 

west trending interfluve separates the Walnut and Woman Creek drainages North and South Walnut Creeks 

and an unnamed tributary drain the northern portion of the Plant securlty area These three forks of Walnut 

Creek join in the buffer zone and flow toward Great Western Reservoir which is approximately one mUe east 

of the confluence This flow is, however, routed around Great Western Reservoir by the Broomfield Diversion 

Canal operated by the City of Broomfield Woman Creek drains the southern Rocky Flats Plant buffer zone 

flowing eastward to Standiey Reservoir The South Interceptor Ditch (SiD) lies between the Plant and Woman 

Creek The SID collects runoff from the southern Plant securlty area and diverts it to Pond C-2, where it is 

treated and monitored in accordance with the Plant National Pollutant Discharge Elimination System (NPDES) 

permit Treated water from Pond C-2 is then diverted to the Walnut Creek watershed where it is released to 
the Broomfield Diversion Canal 

1 3 2 3 RWiOMl and L o a  I Hvdrocreolopy 

Geologic units beneath the Rocky Flats Plant consist of unconsolidated sutficial units [Rocky flats AJlwium, 

vanous terrace alluvia, valley fill alluvium, and colluvium (Figure 141, underlain by Cretaceous bedrock 

[Arapahoe Formation, Laramie Formation, and Fox Hills Sandstone (Figure 1-5)J Figure 1-6 presents a 
generalized stratigraphic section of the Denver Basin bedrock, and Figure 1-7 shows a stratigraphic section 

for the Rocky Flats Plant Ground water occurs under unconfined conditions in both surficial and shallow 

bedrock unlts In addition, confined ground-water flow occurs in deeper bedrock sandstones 
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The Quaternary Rocky Flats Alluvium is the oldest and topographically highest alluvial deposit at the Rocky 

Flats Plant (Scott, 1965) The Rocky Flats Alluvium is a series of coalescing allwral fans deposited by brakled 

streams (Hurr, 1976) It consists of a topsoil layer underlain by up to 100 feet of varying amounts of sm, day, 

sand, and gravel The erosional surface (pediment) on which the alluvium was deposited dopes gently 

eastward truncating the Fox HUls Sandstone, the Laramie Formation, and the Arapahoe Formation at the Rocky 
Flats Plant 

After deposition of the Rocky Rats Alluvium, eastward flowing streams began d i m  the d e w  by 

headward erosion and lateral planation All of the alluvium was removed by erosion in the Women Creek 

drainage south of OU No 2 and in the South Walnut Creek drainage to the north The result is a terrace of 

Rocky Flats Alluvium extending eastward from the Plant between the lwo drainages 

Unconfined ground-water flow occurs in the Rocky Rats Alluvium, which is relatrvely permeable Recharge to 

the alluvium is from precipitation, snowmelt, and water losses from ditches, streams, and ponds that are cut 

into the alluvium General water movement in the Rocky Flats Alluvium is from west to east, and toward the 

drainages Ground-water flow is also controlled by pediment drainages in the top of bedrock Ground-water 

levels in the Rocky Flats Alluvium rise in response to recharge dunng the spring and decline during the 

remainder of the year Discharge from the alluvium occurs at seeps in the colluvium that covers the contact 

between the alluvium and bedrock along the edges of the valleys Most seeps flow mtermittently The Rocky 

Flats Alluvium thins due to erosion east of the Piant boundary and does not directly supply water to wells 

located downgradient of Rocky Flats Plant 

0 

Other Allunal Dgm81ta 

Various other alluvlal deposits occur topographically below the Rocky Flats Alluvium in the Plant drainages 

Colluvium (slope wash) mantles the vaiiey slde slopes between the Rocky Flats Alluvium and the valley 

bottoms in addtion, remnants of younger terrace deposits including the Verdos, Slocum, and Lowlers Allwla 

occur occasionally along the valley side slopes Recent valley f l  alluvium occurs In the active stream 
I 

I channels 

Unconfined groundwater flow occurs in these surficial units Recharge is from precipitation, percolation from 
streams during periods of surface water runoff, and by seeps discharging from the Rocky Flats Alluvium 
Discharge is by evapotranspiration and by seepage into other geologic formations and streams The direction 

of ground-water flow IS generally downslope through colluvial materials and then along the course of the 0 
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stream in valley fill materials Dunng periods of hlgh surface water flow, water IS lost to bank storage in the 

valley fill alluvium and returns to the stream after the runoff subsides 

AraDahoe Formation 

The Arapahoe Formation underlies surficial matermls beneath most of the Plant except beneath the western 

portions of the Plant From approximately the middle of the west buffer zone and west almost to Highway 93, 

the Laramie Formation unconformably underlies the Rocky flats Alluvium The Arapahoe Formation is a fluvial 

deposit composed of overbank and channel deposits It consists predominantly of daystones and siltstones, 

with some silty sandstones beneath the central and eastern portions of the Plant Total formation thickness 

varies up to 270 feet (Robson, et al , lSSla), and the unit is nearly flat lying beneath the Plant (less than two 

degree dip) (EG&G, 1990b and 1990~) The sandstone bodies within the claystone are composed of very fine- 

grained sand and silt, and their hydraulic conductivdy is equivalent to or less than that of the overlying Rocky 

Flats Alluvium Geologic characterization of the Arapahoe Formation beneath Rocky flats indicates sandstones 

occur in stream channel-shaped structures (EG&G, 1990b) The Arapahoe Formation beneath the Plant 

contains more clay and silt than typically described for other areas within the Denver Basin 

The Arapahoe Formation is recharged by ground water from overlying suAcial deposits and infiltration from 
streams The main recharge areas are under the Rocky flats Alluvium, although some recharge from the 
colluvium and valley fill alluvium likely occurs along the stream valleys Recharge is greatest during the spring 

and early summer when rainfall and stream flow are at a maximum and water levels in the Rocky Flats Alluvium 

are high Ground-water movement in the Arapahoe Formation is generally toward the east, although flow wtthin 

individual sandstones is controlled locally by the channel geometries Regionally, ground-water flow in the 

Arapahoe Formation is toward the South Platte Rlver in the center of the Denver Basin (Robson, et al , 1981a) 

0 

Laramie Formation and Fox Hills Sandsto ne 

The Laramie Formation conformably underlies the Arapahoe Formation and is composed of two units a thick 

upper unn composed predominantly of claystone and a lower unit which contains coal and sandstone The 
upper Laramie Formation is greater than 700 feet thick and is of very low hydraulic conductivity, therefore, the 

U S Geologic Survey (Hurr, 1976) concludes that Plant operations will not impact any units below the upper 

claystone unit of the Laramie Formation 

The lower sandstone una of the Laramie Formation and the underlying Fox Hills Sandstone comprise a 

regionally important aqutfer in the Denver Basin known as the Laramie-Fox Hills Aquifer (Robson, 1983) Near 
the center of the basin, the aquder thickness ranges from 200 to 300 feet These unds subcrop west of the 
Plant and can be seen in clay pas excavated through the Rocky Flats Alluvium The steeply dipping beds of 

@ 
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these unrts west of the Plant (approximately 50°) quickly flatten to the east (less than 2 O  dip) (EG&G 1990b 

and 1990~) Recharge to the aqutfer occurs along the rather limned outcrop area exposed to surface water 

flow and leakage along the Front Range (Robson, et al , 1981 b) 

@ 

1 3  2 4  -f!deteor&gy 

The area surrounding the Rocky flats Plant has a semtarM dimate characteristic of much d the central Rocky 

Mountain region Approximately forty percent of the 15-inch annual preclpttatbn falls during the spring 8888on, 

much of it as wet snow Thunderstorms (June to August) account for an additional 30 percent of the annual 

precipitation Autumn and winter are drier seasons, accounting for 19 and 11 percent of the annual 

preciprtation, respectively Snowfall averages 85 inches per year, failing from October through May W E ,  
1980) 

Special attention has been focused on dispersion meteorology surrounding the Plant due to the remote 
possibility that signlficant atmospheric releases might affect the Denver metropolitan area Studies of air flow 

and dispersion characteristics (e g , Hodgin, 1983 and 1984) indicate that drainage flows (winds coming down 

from the mountains to the west), turn and move toward the north and northeast along the South Platte River 

valley and pass to the west and north of Brighton, Colorado (DOE, 1980) 

1 3 2 5 Surroundina Land Use and Powlation Density 

The Rocky flats Plant is located in a rural area Approximately 50 percent of the area within 10 miles of the 
Rocky Fiats Plant is in Jefferson County The remainder is located in Boulder County (40 percent) and 

Adams County (10 percent) According to the 1973 Colorado Land Use Map, 75 percent of this land was 

unused or was used for agriculture Since that time, portions of this land have been converted to housing, with 

several new housing subdrvisions being started wnhin a few miles of the buffer zone 

A recent demographic study shows that approximately 2 2 million people live wtthin 50 miles of the Rocky Flats 

Plant in 1989 (DOE, 1990a) Approximately 9,100 people l ~ e d  within frve miles of the Plant in 1989 (DOE 

1990a) The most populous sector was to the southeast, toward the center of Denver Recent population 

estimates, registered by the Denver Regional Council of Governments (DRCOG), for the eight-county Denver 

metro region have shown distinct patterns of growth between the first and second halves of the 1980s 

Between 1980 and 1985, the population of the eight-county region increased by 197,890, a 2 4 percent annual 

growth rate Between 1985 and 1989 a population gain of 71,575 was recorded, representing a 1 0 percent 
annual increase (the national average) The 1989 population showed an increase of 2,225 (or 0 1 percent) from 

the Same dare in 1988 (DRCOG, 1989) @ 
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There are eight public schools within six miles of the Rocky flats Plant The nearest educational faculty Is the 
Witt Elementary School, which is approximately 2 7 miles east of the Plant buffer zone The closest hospital 

is Centennial Peaks Hospital located approximately seven miles northeast The closest perk and recreational 
area is the Standley Lake area, which Is approximately five miles southeast of the Plant Boating, picnicking, 

and limited overnight camping are permitted Several other small parks exist in communities within ten miles 

The closest major park, Gdden Gate Canyon State Park, located approximately 15 miles to the southwest, 

provides 8,400 acres of general camping and outdoor recreation Other national and state parks are located 

in the mountains west of the Rocky Flats Plant, but all are more than 15 

e 

away 

Some of the land adjacent to the Plant is zoned for industrial development InduSMal facPtties wlthln five miles 

include the TOSCO laboratory (4eacre site located two miles south), the Great Western Inorganics Plant (two 

miles south), the Frontier Forest Products yard (two mYes south), the ldealite Lightweight Aggregate Plant (2 4 

miles northwest), and the Jefferson County Airport and Industrial Park (99O-acre site located 4 8  mUes 

northeast) 

Several ranches are located wIthin 10 miles of the Plant, primarily in Jefferson and Boulder Counties They are 

operated to produce crops, raise beef cattle, supply milk, and breed and train horses According to the 1987 

Colorado Agricultural Statistics, 20,758 acres of crops were planted in Jefferson County (total land area of 

approximately 475,000 acres) and 68,760 acres of crops were planted in Boulder County (total land area of 
405,760 acres) Crops consisted of winter wheat, corn, barley, dry beans, sugar beets, hay, and oats 

Lhrestock consisted of 5,314 head of cattle, 113 hogs, and 346 sheep in Jefferson County, and 19,578 head 

of cattle, 2,216 hogs, and 12,133 sheep in Boulder County (Post, 1989) 

' 0 

1 3  2 6 .Ecology 

A variety of vegetation thrlves within the Plant boundary Included are species of flora representative of tall 

grass prairie, short grass plains, lower montane, and foothill ravine regions None of these vegetative specks 
are on the endangered species list It is evident that the vegetatlve cover along the Front Range of the Rocky 

Mountains has been radically altered by human actnities such as burning, timber cutting, road building, and 

overgrazing for many years Since the acquisnion of the Rocky Flats Plant property, vegetative recovery has 

occurred as evldenced by the presence of disturbancesensitlve grass species such as big bluestem 

(Andropogon gerardii) and sideoats grama (Bouteloua curtipendula) No vegetattve stresses attributable to 
hazardous waste Contamination have been identtfied (DOE, 1980) 

The animal Me inhabiting the Rocky Flats Plant and Its buffer zone consists of species associated with western 

prairie regions The most common large mammal is the mule deer (Odocolleus Lernionus), with an estimated 

100 to 125 permanent residents There are a number of small carnivores, such as the coyote (Canis latrans), 

0 
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red fox (Vulpes fulva), striped skunk (Mephitis mephitis), and longtaled weasel (Mustela frenata) A profusion 

of small herbivores consisting of species such as the pocket gopher (Thomomys sp ), white-tailed jackrabbit 

(Lepus townsendii), and the meadow vde (Microtus pennsyhranicus) can be found throughout the Plant and 

buffer zone (DOE, 1980) 

0 

determined by visual inspection or magnetometer survey 

Commonly observed birds include western meaddarks (Sturnella neglects), homed larks (Eremophila 
alpestris), mourning doves (Zenaidura macroura), and vesper sparrow (Pooecetes gramineus) A variety of 

shore birds such as killdeer (Charadrius vociferus), and red-winged black birds (Agelaius phoenlceus) are seen 

in areas adjacent to ponds Mallard ducks (Anas platyrhynochos) as well as other spedes of (Anas sp) 

frequently nest and rear young on several of the ponds Common birds of prey in the area indude marsh 

hawks (Circus cyaneus), red-tailed hawks (Buteo jamalcensis), ferruginous hawks (Buteo regalls), rough-legged 

hawks (Buteo lagopus), and great homed owls (Bubo virginianus) (DOE, 1980) 

Bull snakes (Pttuophis melandeucus) and rattlesnakes (Crotalus sp ) are the most frequently observed reptiles 
Eastern yellow-bellied racers (Cduber constrictor) have also been seen The eastern short-horned lizard 

(Phrynosoma douglassi brevirostre) has been reported on the site, but these and other lkards are not 

commonly observed The western painted turtle (Chrysemys picta) and the western plains garter snake 

(Thamnophis radix) are found in and around many of the ponds (DOE, 1980) 

The bald eagle and the black-footed ferret are the two endangered species which were identified as potentially 

present at Rocky Flats Plant by the U S Fish and Wildlife Service Bald eagles are occasional Visitors to the 

area primarily during migration times However, eagle sightings are rare and little sultable habitat exists at the 

Plant No bald eagle nests have been found on the Plant site Prairie dogs provide the food source and 

habnat for black-footed ferrets Since there are no prairie dog towns in or near the 903 Pad, Mound and East 

Trenches Areas, ferrets probably do not exist at OU No 2 Subsequent to a field visit on June 15, 1988, the 

U S Fish and Wildlife Service has concurred with these findings (Rockwell International, 1988b) 

1 4 SITE LOCATIONS AND DESCRIPTIONS 

I 0 
I 

Sne descriptions presented in the following sections are taken from the Rocky Flats Plant CEARP Phase 1 

Repon (DOE 1986) and the RCRA Part B Operating Permlt Application (Rockwell International, 1987c) These 
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I 

descriptions are based on histortcal records, aerial photography review, and interviews with Plant personnel 
Further characterization of each she based on other historical reports and Phase I RI results is also included 

@ in the following discussions 

Chemical, 1971) Correctwe action consisted of transfemng the contents of leaking drums to new drums and 

fencing the area to restrict access (Dow Chemical, 1971) Approximately 420 drums leaked to some degree, 

and of these an estimated 50 leaked their entire contents (Dow Chemical, 1971) An estimated 5,000 gallons 0 

1 4 1 903 Pad Area 

Five sdes are located wahin the 903 Pad Area (Figure 1-8) These shes are 

0 903 Drum Storage Site (IHSS Ref No 112) 

e 903 Lip Sae (IHSS Ref No 155) 

0 Trench T-2 Site (IHSS Ref No 109) 

Reactive Metal Destruction Site (IHSS Ref No 140) 

0 Gas Detoxtfication Stte (IHSS Ref No 183) 

Descriptions of each site within the 903 Pad Area are provided in the following sections 

1 4 1 1  c\ rum St f 

The 903 Drum Storage Site IS located in the eastern portion of the Plant security zone This area was used 
e 

from October 1958 to January 1967 for storage of radioactively contaminated oil drums (Calkins, 1970) 

Presented below is a description of drums stored at the drum storage site from Calkins (1970) 

"Most of the drums transferred to the field were nominal 55-gallon drums, but a significant 
number were 30-gallon drums Not all were completely full Approximately three-fourths of the 
drums were plutonium-contaminated, white most of the balance contained uranium Of those 
containing plutonium, most were lathe codant consisting of a straight-chain hydrocarbon 
mineral oil (Shell Vitrea) and carbon tetrachloride in varying proportions Other IiquMs were 
involved, however, including hydraulic oils, vacuum pump oil, trichloroethylene, 
perchloroethylene, silicone olls, acetone still bottoms, etc Originally, contents of the drums 
were indicated on the outskle, but these markings were made illegible through weathering and 
no other good records were kept of the contents Leakage of the oil was recognlzed early, and 
in 1959 or possiMy earlier ethanolamine was added to the oU to reduce the corrosion rate of 
the steel drums " 

Final Phase II RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Fiats Plant Golden Colorado Revision 1 
egBg  903pad\,ou2 ph2:feb\sec 1 feb 

28 February 1991 
Page 121 



storage site (Dow Chemical, 1971), however, the location of the ditch is not provided by this reference During 

approximately 125 grams of plutonium-239 (pu-239) was released from the 903 Drum Storage she and 

a an investigation conducted by the AEC Health and Safety Laboratory (HASL), it was estimated that 

Figure 1-9 outlines drum locations and soil staining at the 903 Drum Storage Site based on a review of 

historicai aenal photography As seen on this figure, drum storage occurred primarily in the northern and 

eastern portions of the area Drums were not stored in the southwest poition where Bullding 903 was 

constructed in 1967, and were only briefly stored at the southeast comer It appears that the drums stored 
south of the fenced area were placed at this location during clean-up operations, as they appear only in the 

1968 aerial photos 

The shipment of drums to the 903 Drum Storage Site ended in January 1967 when drum removal efforts began 

Removal of all drums and wastes was completed in June 1968 Presented below is a chronology of the 903 

Drum Storage Site clean up as described by Freiberg (1970) 

"From January 23, 1967, through March 10, 1967, uranium oil drums which were In good 
condition were transferred to Building 774 and processed 

Building 903 on March 10, 1967, started processing oil drums This building was designed 
to prefilter the oil prtor to transferring plutonium contaminated oil to Building 774 for final 
processing 

From March 10, 1967, through May 18, 1967, there were a total of 191 drums of plutonium 
contaminated oil filtered and shipped to Building 774 

On May 18, 1967, operations at Building 903 were discontinued due to the amount of time this 
process was taking 

Drum-to-drum transfer in the field began May 18, 1967, and the drums were [SIC] shipped to 
Building 774 wtthout prior filtration in Bullding 903 

From March 17, 1967, through May 10, 1967, in addition to the plutonium transfers, there were 
297 drums of uranium contaminated Alk-Tri waste shipped to Building 774 and processed 

May 10, 1967, through May 28, 1968, a totai of 4,826 drums containing 50 gallons of oil each 
were sent to Building 774 and processed 

In addition to the oil storage area drums, there were a total of 650 drums from Building 776 
current generation sent to Building 774 for processing A pipeline installed from Building 776 
to Building 774 eliminated this additional OH drum generation 

During the transfer operations, it was noted that at the bottom of all drums a deposit of sludge 
remained after removal of the oil This sludge varied in depth from 1/2 inch to 3 inches and 
averaged approximately 1 inch By drum counter results the sludge within the empty drums 
contained a total of 5,152 grams of plutonium These empty drums were later disposed of by 

Final Phase I1 RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Flats Plant Golden Colorado Revision 1 
eg&g\903pad\ou2 ph2\feb\sec 1 feb 

28 February 1991 
Page 123 



ir I .I 

Onginal Drum Field F e n c e 1  f1 I \v Edge of 903 Asphalt Pad 

8 395 ft 

D(PU\" 
(3 AREA OF SOIL STAINING BASED ON AERlAL PHOTOGRAPHS FROM 

0 
NOTE 

4/29/67, 4/10/6%, 5/24/69 

BARREL STORAGE LOCATIONS BASED ON AERIAL PHOTOGRAPHS FROM 
5/5/63, 4/29/65, 4/29/67. 9/10/60 

BUILDING 903 LOCATION WED ON AERM PHOTOGRAPHS FROM 4/lO/Se 

U.S DEPARTUENT OF ENERGY 
Roaky flats Plant, Goldon, Colomdo 

OPERABLE UNIT NO 2 
PHASE It RFI/RI WORK PIAN (ALWVIAL) 

APPROXIMATE LOCATIONS OF DRUM 
STORAGE-903 PAD 

DRUM STORAGE SITE 
FIGURE 1-9 Februa 



adding Oil Dty and MicroCel to absorb the sludge The drums containing the plutonium sludge 
and absorbent were then incased in plastic, placed in boxes, and shipped to the butbl 
grounds " The location of the bunal grounds is not grovided by Freiberg (1970) 

There were Originally a total of 5,237 drums at the drum storage site when dean-up operations began in 1967 

After transfer of the contents to new drums, 4,826 drums were transported to Building 774 of which 3,572 

drums contained plutonium-contamimted oil This leaves unaccounted the contents uf 41 1 drums The most 

probable explanation for this discrepancy, according to Freiberg (1970), is a combination of the following 

factom 

0 All of the drums originally sent to the storage site were not completely full 

0 Some of the volume was taken up by the sludge which was discarded wlth the empty barrels 

0 Leakage out of the barrels and onto the ground occurred 

Information provided by Freiberg (1970) indicates that an estimated 5,000 gallons of oil leaked from drums onto 

the ground at the drum storage site This estimate was based on the memory and knowledge of those 

involved in site operations (Frieberg, 1970) Based on oil samples taken from barrels, the average plutonium 

concentration was 4 54 X lo9 grams per liter (g/l) I280 microCunes per liter (Irci/L)) Thus, approximately 

86 g (5 3 CI) of plutonium were released to soils at the drum storage site (Frieberg, 1970) 

in November 1968, site grading began at the 903 Drum Storage Site in preparation for applying an asphalt cap 

over the area This work included moving "slightiy" contaminated SON from around the fenced area to insMe 

the fenced area (Freiberg, 1970) A total of 33 drums of radioacthrely contaminated rocks were removed from 

the area in May 1969, and two courses of clean fill material were placed over the she during the late summer 

of 1969 The disposal location of the 33 drums was not provided by Freiberg (1970) and is unknown The 

asphalt was applied in October 1969, and in February 1970 additional road base course material was applied 

to soils directly east and south of the asphalt pad due to soil contamination (Freiberg, 1970) 

I 

I 

The asphalt containment cover is rectangular and oriented north-south (370 feet) and east-west (395 feet) The 

pad dips slightly to the northeast at a drop of one foot per 100 feet The asphalt cover is approximately eight 

centimeters (cm) (3 2 inches) thick and it IS underlain by approximately fifteen cm (6 inches) of loose gravel 

and eight cm (3 1 inches) of fill dirt (Navratil, et al, 1979) 

1 4 1 2  903uPs ite (IHSS Ref No lm 

During drum removal and clean-up activities associated with the 903 Drum Storage Site, Winds redistributed 

plutonium beyond the pad pnmanly to the south and east An estimated one CI (163 g) of plutonium was 
redistributed beyond the asphalt pad and of that one Ci, approximately 0 56 Ci (9 1 g) is believed to have been 

0 
I 
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deposited in the 903 Lip Site (Barker, 1982) The most contaminated area was immediately adjacent to the 

pad to the south and southeast Surveys at the time of the drum removal project, and subsequent annual sdl 

sampling from 1969 to 1972, showed a maximum plutonium concentration of 2,258 picoCuries per gram 

(pCi/g) (5,680 disintegrations per minute per gram (dpm/g)] in the top five cm (two inches) of soil at the 903 

Up Site (Barker, 1982) 

0 

Soil dean-up efforts were undertaken in 1976, 1978, and 1984 to remove plutonium-contaminated sdls from 

three dtfferent areas within the 903 Lip Site The 1976 soil removal operation began in June 1976 and ended 

in September 1976 This cleanup consisted of hand-excavating contaminated soils from an area In the vicinlty 

of the Reactive Metal Destruction Site until soil contamination levels were below the detection limit of the Field 

instrument for Detection of Low Energy Radration (FIDLER) The detection limit of the FIDLER is 250 counts 

per minute (cpm) The FIDLER 'counts' are an instrument dependent measure of surface activity and cannot 

be converted to plutonium concentration in the soil The excavated area was covered with clean top sol and 

reseeded with nathre grasses Thirty-five boxes weighing a totel of 125,000 pounds were removed and shipped 

off site for disposal following the 1976 deanup (Barker, 1982) The off-site dlspod location was not provided 

by Barker (1982) Recent radiological surveys have been conducted to further assem radioacthre 

contamination These indude an aerial gamma survey conducted in July 1989 (EGBG, 1-h) I 
The 1976 soil removal technique hand-excavation was inefficient considering the large amount of contaminated 

soils requiring removal at the 903 Lip Site In June 1978, a second SOU removal project began north of the 

1976 removal site using a front-end loader alone or in conjunction wlth a bull dozer All sdl that exceeded 

2,000 cpm, as determined by a FIDLER survey, was removed Cleaned areas were resurveyed and soil 

removal continued until background readings (approximately 250 cpm by a FIDLER survey) were obtained 

Topsod was then applied to the excavated area, and the site was revegetated with natrve grasses During the 

1978 soil removal, 1448 boxes weighing approximately 4 7 million pounds were removed and shipped off-site 

(Barker, 1982) The off-site disposal location was not p r d e d  by Barker (1982) 

@ 

Approximately 0 5 Ci (8 2 g) of plutonium were removed from the 903 Up Site during the first two SOH removal 

projects This quantity is based on an average soil plutonium concentration of 545 pCi/g (1,200 dpm/g) and 

a soil density of one gram per cubic centimeter (g/cm3) (Barker, 1982) 

I A third soil cleanup was performed along the eastern edge of the 903 Up Site in 1984 A total of 214 tri-wall 
pallets of Contaminated sol were removed from the area, however, the soil disposal location was not provided 

by Setlock (1984) The excavated area was backfilled with clean topsoil (Setlock, 1984) 
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1 4 1 3 Trench T-2 Site ( IHSS Re f. No 109) 

Trench T-2 is located south of the 903 Drum Storage Site and west of the Reactive Metal Destruction Site This 

trench was used prior to 1968 for the disposal of sanitary sewage sludge and flattened drums contaminated 

with uranium and plutonium This trench is believed to measure approximately 15 feet wide by 200 feet long 

by 5 feet deep (Rockwell International, 1987c) Barrels were noted In the westem end of Trench T-2 during 

1987 investigations (Figure 1-8) 

0 

1 4 1 4 Reactive Meta I Destruction S Re (IHSS Ref. No. lsQI 

The Reactwe Metal Destruction Site is located on the hillside south of the 903 Drum Storage She This &e was 

used during the 1950s and 1960s primarily for the destruction of lithium (U) metal (DOE, 1986) Approximetely 

400 to 500 pounds of metallic lithium were destroyed on the ground surface in this area and the residues, 

primartily nontoxic lithium carbonate, burled (Illdey, 1978) Smaller unknown quantities of sodium (Na), calcium 

(Ca), and magnesium (Mg), solvents, and unknown liquids were also destroyed at this location (Illsley, 1978) 

Histoncal references do not indicate the method by which constituents were destroyed at the site I 
Based on review of histoncal aerial photography, the Reactive Metal Destruction Site was used from 1968 to 

1971 Barrels were noted in the Southwestern comer of IHSS 140 during 1987 investigations (Figure 1-8) 

1 4 1 5 a s  Detoxifica tion Site [IHSS Ret. No 183) 

Building 952, located south of the 903 Drum Storage Slte, was used to detoxify various gases from lecture 

bottles between June 1982 and August 1983 The lecture bottles held approximately one liter of compressed 

gas each The gases consisted of vanous types of nitrogen oxMes, chlorine, hydrogen sulffde, sulfur 

tetrafluoride, methane, hydrogen fluoride, and ammonia which were used in Plant research and development 

work Gas detoxification was accomplished by using various commercial neutralization processes available 

at the time After neutralization, glassware used in the process was triple-rinsed, crushed, and deposited in 

the present landfill The neutralized gases released to the environment during detoxification would no longer 

be detectable (Rockwell International, 1987c) 

1 4 2  MoundArea 

e 
The Mound Area is composed of four sites (Figure 1-8) These are 

0 Mound Site (IHSS Ref No 113) 

Trench T-1 See (IHSS Ref No 108) 0 
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e 01 Bum Pit No 2 Site (iHSS Ref No 153) 

8 Pallet Bum Site (IHSS Ref No 154) 

These sites are described individually below 

1 4 2 1  Mound Slte llHSS Ref. No 113) 

The Mound Site, located north of Central Avenue in the eastem Plant securky area, was used between Apru 
1954 and September 1958 for drum disposal Approximately 1,405 drums containing primarily depleted 

uranium (U) and beryllium (Be) contaminated lathe coolant (a mMwe d about 70 percent hydraulic dl and 
30 percent carbon tetrachloride) were placed at the Mound Stte (Rockwell lntemetional, 1987~) [Records do 

not indicate that the barrels were actually buried (Calkins, 1970) J It is likely that some of the coolant also 
contained enriched uranium and plutonium (Rockwell International, 1987c) Some drums also contained 

Perdene (Smith, 1975) Perdene was a brand name of tetrachloroethane (PCE) (Sax and Lewis, 1987) Some 
of the drummed wastes placed in the Mound Site were in solid form (Rockwell International, 1987~) 

Cleanup of the Mound Site was accomplished in May 1970, and the materials removed were packaged and 

shipped to an off-site DOE facility for disposal Listed below is an inventory of the 1,405 drums removed from 

the Mound Stte in 1970 (Dow Chemical, 1971) a 
No ofDrums contents 

903 

21 

12 

1 02 

282 

85 
1,405 TOTAL DRUMS 

30gallon drums of depleted uranium sdM waste 

30-gailon drums of depleted uranium oil waste 

30-galion drums of plutonium contaminated oil waste The plutonium content was so low that 
It was measurable only by the most senstthre laboratory techniques " 

55-gallon drums of depleted uranium solid waste 

55-galion drums of depleted uranium oil waste 

55-galion drums of enriched uranium oil waste 

Subsequent surficial soil sampling in the vicinity of the excavated Mound Site indicated 0 8 to 112 5 dpm/g 

(0 4 to 51 pCi/g) activity This radioactive contamination is thought to have come from the 903 Drum Storage 

Site via wind dispersion rather than from the Mound Site, as it was limited to the surface (Rockwell 

International, 1987~) 
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1 4 2 2  T m h T  -1 Site (IHSS Rof. No loa 

@ The trench was used from 1954 until 1962 and contains approximately 125 drums filled wlth approximately 

25,000 kilograms (kg) (55,115 pounds) of depleted uranium chips (Dow Chemical, 1971). and some plutonium 

chips coated wlth smell amount of lathe coolant (hydraulic dl and carbon tetrachloride) (Rockwell International, 

1987~) The estimated dimensions of Trench T-1 are 15 feet wide by 200 feet long by 5 feet deep (Rockwell 

international, 1987c) Trench T-1 was covered with about two feet of SOU, and the comers were marked 

(Rockwell international, 1987~) Figure 1-8 illustrates the location of Trench T-1 and the location of barrels 

determined by visual inspection or magnetometer sunrey during the Phase I Ri I 
Weed cutting actMties In October and November 1968 unearthed two drums inadeqUady covered wlth fill 

material Both drums were sampled and analyzed for total plutonium and uranium content before they were 

disposed off-site (Illsley, 1983) The off-site disposal location was not provided by llisley (1983) One of the 

drums sampled contained an oil/water mixture with 55 plcoCuries per liter will) of plutonium and 2 3 x lo6 
pCi/l of uranium The other drum contained an oily sludge with 4 6 pCl/g of plutonium and 1 2 x 10' pCi/g 

uranium (Illsley, 1983) 

1 4 2 3 Oil Burn Pit No 2 Site (IHSS Ref. No. 153) 

0 Oil Bum Pit No 2 Is actually two parallel trenches which were used in 1957 and from 1961 to 1965 to bum 

approximately 1,082 drums of oil containing uranium (Rockwell international, 1987c) In March and AprU of 

1957, the contents of an estimated 169 uranium-contamlnated waste oil drums were burned No further 
burning took place until 1961 Frequent burning of waste oil took place from June 1961 to May 1965 The 

contents of approximately 914 drums were burned during this time The drums used for the oil burning 

operations were generally reused, however, 300 empty drums were discarded by flattening and burying them 

In the burning pits (Dow Chemical, 1971) The uranium concentrations of the burned waste oil are unknown 

The residues from the burning operations and the flattened drums were covered with backfill In 1978 the area 

was excavated to a depth of approximately five feet, and 239 boxes (56 cubic feet per box) of contaminated 

soil were removed and shipped off-site to an authorized DOE disposal site (Illsley, 1983) The specific off-site 

disposal location was not provided by llisley (1983) 

An area southwest of Oil Bum Pit No 2 was reportedly used to destroy wooden pallets in 1965 The types of 

hazardous substances or radionuclides that may have been spilled on these pallets is unknown This site was 

cleaned up and reclaimed in the 1970s (DOE, 1986) Two locations for the Pallet Bum site are shown on 

Figure 1-8 The westemmost location was reported by Owen and Steward (1 973) However, based on review @ 
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of historical aerial photographs, there was no disturbance at this western location The eastern location was 

identified from 1963 and 1965 aerial photography of the area 

1 4 3 East Trenches Area 

The East Trenches Area consists of nine burial trenches and two spray irrigation sites These sites are 

Trench T-3 

Trench T 4  

Trench T-5 

Trench T-6 

Trench T-7 

Trench T-8 

Trench T-9 

Trench T-10 

Trench T-11 

East Spray Irrigation Sites (IHSS Ref N o s  216 2 and 216 3) 

(IHSS Ref No 110) 

(IHSS Ref No 11 1 1) 

(IHSS Ref No 11 1 2) 

(IHSS Ref No 111 3) 

(IHSS Ref No 111 4) 

(IHSS Ref No 11 1 5) 

(IHSS Ref No 111 6) 

(IHSS Ref No 11 1 7) 

(IHSS Ref No 111 8) 

Trenches T3, T-4, T-10, and T-11 are located north of the east access road, and Trenches T-5 thmgh T-9 are 

south of the east access road The wastes In these trenches have not been disturbed since their buriel The 

spray irrigation areas are located east of Trenches T-5 through T-9 (Figure 1-8) 

1 4 3 1 Trenches T-3 throwh T-11 (IHSS Ref Nos 11Omnd 1 11.1-1 11.a 

These trenches, as well as Trench T-2, were used from 1954 to 1968 for disposal of approximately 125,OOO kg 

of sanitary sewage sludge contaminated with uranium and plutonium, and approximately 300 flattened empty 

drums contaminated with uranium (Illsley, 1983) Radiation content of the sewage sludge ranged from 8 4 x 

lo5  disintegrations per minute per kilogram (dpm/kg) (382 pCi/g) to 7 9 X 10' dpm/kg (3,590 pCi/g) (Owen 

and Steward, 1973) 'Earlier pits involve mostly uranium with an increasing plutonium fraction in later pits' 

(Owen and Steward, 1973) Total alpha radioactivity in Trenches T-2 to T-8 is estimated to be 100 to 150 

millicuries (0 1 to 0 15 Ci) (Dow Chemical, 1971) Trenches T-4 and T-11 also contain some plutonium- and 

uranium-contaminated asphalt planking from the solar evaporation ponds (Illsley, 1983) The locations of 

Trenches T-3 through T-1 1 are shown in Figure 1-8 as well as the location of the barrels as determined by 
visual inspection and/or magnetometer survey 
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I According to lllsley (1983), samples were cdlected from Trenches T-9, T-10, and T-1 1 , and the results were 

'Samples from T-11 contained plutonium in the range from 4 5 to 50 pCi/g and uranium-238 
in the range between 0 9 and 158 pCi/g Trench T-10 was found to contain uranium in the 
range between 40 and 126 pCi/g and Pu-239 in the range from 0 18 to 14 pCi/g 
Plutonium concentrations in cdlected samples varled from 0 40 to 68 pCi/g and uranium was 
found in the range between 2 4 and 450 pCi/g in Trench T-9 ' 

The sampling dates and collection methods of these samples are unknown 

1 4 3.2 S m v  lrriclrtion Shes tIHSS Ref, Nos. 216- 216.a 

IHSS numbers 216 2 and 216 3 were used for spray irrigation of swage treatment plant effluent These areas 

have beem designated as IHSSs because effluent containing low concentrations of chromium (Cr) was 

inadvertently sprayed in the area in February and March 1989 The chromium entered the sanitary sewage 

treatment plant on February 23, 1989, subsequent to a spill of chromic acid in Building 444 (Rockwell 

International, lW9e) 
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2 0  

SITE CHARACTERIZATION 

2 1 PHASE I REMEDIAL INVESTIGATION 

The Phase I RI consisted of the following field activities 

Electromagnetic, resistivity, and magnetometer geophysical surveys 

A soil gas survey 

Soil sample collection from 33 boreholes (Figure 2-1 and Table 2-1) 

Completion of 10 allwlal and 14 bedrock monnonng wells (Figure 2-1) 

Ground-water sampling of new and previously existing wells 

Slug testing of 13 wells 

Packer testing of cored bedrock wells 

Collection of 22 surface water and seep samples 

Air monrtoring for total long-lwed alpha plutonium, and volatile organics during field actMties 

In addttion to the Phase I investigation at the 903 Pad, Mound, and East Trenches Areas, several monitor wells 

were installed in these areas as part of a Plant-wde hydrogeologic investigation in 1986 (Rockwell International, 

1986e and Table 2-1) Surface water, soil, and air samples have also been collected at these areas as part of 
various investigations Section 2 2 presents results of the Phase I RI and a brief characterization of each 

pathway at the 903 Pad, Mound, and East Trenches Areas The nature and extent of contamination associated 

with these pathways is discussed in Section 2 3, and Section 2 4 presents the site conceptual model 

2 2 SITE PHYSICAL CHARACTERISTICS 

A site-specific conceptual model of the 903 Pad, Mound, and East Trenches Areas has been developed based 

on the Phase I RJ results as well as previous and subsequent investigations This model describes contaminant 

sources and pathways through which contaminant transport may occur from these areas 
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2 2 1 1 Surfichl Geoloay 

Surficial materials at the 903 Pad, Mound, and East Trenches Areas consist of the Rocky Flats Alluvium, 
colluvium, and valley fill alluvium unconformably overlying bedrock (Figure 2-2) In addition, there are a few 
isolated exposures of bedrock The area IS snuated on a pediment covered with Rocky Flats Alluvium which 

extends eastward from the Plant The Rocky flats Alluvium consists of a poorly to moderately sorted, poorly 

stratdied deposit of clay, silt, sand, gravel, and cobbles A portion of the 903 Pad Area ex!ends south off the 

pediment toward the South Interceptor Ditch (SID) Colluvium is present on the hilsMe south of the 903 Pad 

and East Trenches Areas, and on the hillside north of the Mound and East Trenches Areas Valley fill alluvium 

is present in the drainage of Woman Creek south of the 903 Pad and East Trenches Areas and in the South 

Walnut Creek drainage north of the Mound Area 

Buried paleodrainages and ridges eroded into the Arapahoe Formation bedrock surface are present at the base 

of the Rocky Flats Alluvium (Figure 2-3) A relatlvely small paleogully IS present, starting near the southeast 

starts south of the east end of the East Trenches and trends northeast, traversing the central portion of the East 

Trenches A paleondge is present on the north side of this paleogully, starting in the Mound Area and trendlng 
east-northeast across the northwest portion of the East Trenches Area A topographic high In the bedrock 

surface occurs on the south srde of the larger paleogully just south of the central portion of the East Trenches 

Area 

I corner of the Mound Area and extending southeast, where it is truncated by the hlllslde A larger paleogully 

@ 

2 2 1 2  

Significant work has been conducted recently to further characterue bedrock at Rocky Flats A draft Geologic 

Characterlzation Report for the Rocky Flats Plant (EG&G, 1-b) was prepared based on a comprehensive 

literature search, reprocessing and describing previously obtained core samples, reprocessing previously 

obtained seismic data, and collecting and analyzing selected samples for grain site analyses The geologic 

characterization is an ongoing program that will incorporate all geologic information Plant-wide for continued 

refinement of the working geologic model In addnion to these efforts, high-resolution seismic retlectlon 

profiling was conducted in the OU No 2 area (EG&G, 1990~) These two studies were conducted concurrently 
and the description of bedrock geology presented in this work plan utilizes the results of both 
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The Cretaceous-age Arapahoe Formation underlies surficial materials at the 903 Pad, Mound, and East 

Trenches Areas The high-resolution seismic reflection program indicated that the Arapahoe Formation dips 

at less than two degrees to the east The Arapahoe Formation, which is approximately 250 feet thick in the 

vicinity of the Plant (EG&G, 1990b), consists of fluvlal claystones with interbedded sandstones, siltstones, and 

occasional lignite deposits Contacts W e e n  these lithologies are both gradational and sharp 

The Arapahoe Formation was deposited by meandering streams that flowed east-swtheast from the Front 

Range Uplrft (Weimer, 1973) Fining-upward graded sandstone sequences wfthin the formation are 

representatlve of both laterally accreted point bar deposits and floodplain splay deposits Laterally accreted 

point bar deposds occur by the slow migration of fluvlal channels, and splay deposits are formed by breaching 

of channel banks during floods (Blatt, et al , 1980) Overbank flood deposits consist of very flne sand and mud 

deposded near the stream channel or on the stream flood plain Channel fill deposits are formed in abandoned 

channels by a reduction in stream discharge or by cutoff of a meander (formation of oxbow lakes) (Blatt, et 

al , 1980) 

Based on previous investigations, the ongoing geologic characteruation by EG&G, bedrock in the 903 Pad, 

Mound and East Trenches Areas is predominantly claystone (EG&G, 1990a) However, six channel sandstone 

intervals have been preliminary dentdied beneath the Rocky Flats Piant These are general stratigraphic 

intervals, each of which contains sandstones only at some locations They have been sequentially numbered 

according to increasing depth Thus, Arapahoe Sandstone No 1 is the uppermost sandstone, which subcrops 

in many areas Arapahoe Sandstone No 6 is present at or near the base of the Arapahoe Formation 

Generally, the Arapahoe Sandstones that occur within 30 to 40 feet of the base of the alluvium are oxidized 

and are pale orange, yeilowish-gray, and dark yellowish-orange The sandstones that are not in the weathered 

zone are light gray and olive-gray Most of the sandstones are very fine- to mediumgrained, poorly-to 

moderately-sorted, subangular to subrounded, silty, clayey, and quartzitic, with trough and planar cross- 

stratlfication The claystones and silty claystones are light to medium ollve-gray, occasionally olive-black with 

some dark yellowish-orange claystones in the weathered intervals near the base of the alluvium The yellowish- 

orange and yellowish-brown color is the result of the iron oxide staining 

The draft Geologic Characterization Report (EG&G, 1990b) included mapping the estimated areal extent of 

Arapahoe Sandstone Nos 1, 3, and 4 The lateral extent of channel deposds in each of these lithologic 

intervals was estimated based on previous borehole formation Figure 2 4  shows the estimated lateral extent 

and thickness isopachs of the Arapahoe Sandstone No 1 and the estimated lateral extents of the Arapahoe 

Sandstone Nos 3 and 4 Sandstone was also found in the Nos 2 and 5 intervals in several boreholes in the 

OU No 2 area However, there was not sufficient information to estimate the lateral extent of sandstones within 

these intervals 
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Signdicant areas of the Arapahoe Sandstone No 1 are known to subcrop beneath the R o c k y  Flats Alluvium 

in the 903 Pad, Mound, and East Trenches Areas It is believed that nearly the entire area shown as the 

Arapahoe Sandstone No 1 channel subcrops beneath the Rocky Flats Alluvium As a result of the significant 

areal extent of subcropping Arapahoe Sandstone No 1, and since significant contamination has been found 

in this uppermost sandstone interval, all of the Arapahoe Sandstone No 1 is included in the upper HSU The 

conceptual boundary between the alluvlal and bedrock components of the RFI/RI is located beneath the 

Arapahoe Sandstone No 1 as shown in Figure 1-1 

High-resolution seismic reflection profiling (EG&G, 1 9 9 0 ~  Rockwell International, 1989f) was conducted to help 

refine the working model of the bedrock geology, particularly in the OU No 2 area There are some 

differences between the draft Geologic Characterization Report and the high-resolution seismic rdection 

profiling report in the estimated thickness and areal extent of the Arapahoe Sandstone No 1 Since the 

Arapahoe Sandstone No 1 is consldered to be wdhin the upper HSU, further characterization of it and 

resolution of differences between the Geologic Characterization Report and high-resolution seismic profiling 

results will be part of the alluvlal RFI/RI activities 

2 2 2 Ground-water Hydrology 

Unconfined ground-water flow occurs in surficlal materials and subcropping sandstones In addition, 

subcropping claystone may be saturated in some locations, particularly where weathered and fractured 

Confined ground-water flow occurs in lower sandstone unds The majority of wells that have been installed 

in weathered claystone throughout the Plant are unsaturated 

2 2 2 1 Ground-water Flow Svste m in Ucme r Hvdrortntkrmhic Unit 

Recharae/Dischrme Co ndltions 

Ground water is present in the Rocky Flats alluvium, colluvium, valley fill alluvium, and subcropping sandstones 

under unconfined conddions Recharge to the upper HSU occurs as infiltration of incMent precipitation and 

as seepage from dltches and creeks In addition, retention ponds along South Walnut Creek and Woman 

Creek probably recharge the valley fill alluvium 

The shallow ground-water flow system is qude dynamic, wdh large water level changes occurring in response 

to preciprtation events and stream and ditch flow Alluvial water levels are highest during the spring and early 

summer months of May and June Water levels generally decline during late summer and fall, at which time 

some wells go dry The shallow ground-water flow system supports ephemeral flow in the creeks 
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Alluvial ground water discharges to seeps, surface water drainages, colluvium, and subcropping -hoe 

sandstone at the 903 Pad, Mound, and East Trenches Areas Seeps occur along the edge of the pediment 

margin (at the alluvium/bedrock contact) and on the hillsde slopes Seeps on the hillsides may be due to 

thinning of cdluvlal materials Ground water in valley fill materials discharges to Woman or South Walnut 

Creeks 

' 0 

Ground-water Flow Direct ionp 

Ground-water flow in the unconfined system IS generally from west to east Figure 2-5 presents the 

potentiometric surface for the upper HSU, measured in April 1988, and represents the most extensbe area of 

saturation for surficial materlals and subcropping sandstones which exhibit unconfined conditions Ground- 

water flow wtthin the Rocky Flats Alluvium IS east-northeast in the area, generally following topography 

Ground-water flow directions in the subcropping sandstones are probably influenced by the geometry of the 

sandstone channels (Figure 2-4) Ground water flowing toward the pediment edges emerges as seeps at the 

contact between the alluvium/subcropping sandstones and claystone bedrock (contact seeps), is consumed 

by evapotranspiration, or flows through cdluv~l materials following topography toward the valley fill alluvium 

Once ground water reaches the valley fill alluvium, it either flows down-valley in the alluvium, is consumed by 

evapotranspiration, or discharges to the creek During the driest pertods of the year, evapotranspiration 

consumes so much water that there is no flow in either the colluvium or the valley fill alluvium Wells 

completed in these areas are dry during some portion of the year 

I 

@ 

Ground-water Flow Rate8 

Hydraulic conductlvrty values were developed for surficlal matmls from drawdown-recovery tests performed 

on 1986 wells during the inrtlal site characterization (Rockwell International, 19866) and from slug tests 

performed on select 1986 and 1987 wells during the 1987 Phase I RI (Rockwell International, 1987a) For the 

Rocky Flats Alluvium, hydraulic conductlvtties for all tests ranged from 4 x 10 ' centimeters per second (cm/s) 

at well 39-86 to 5 x 10 cm/s at well 42-86 The geometric mean hydraulic conductlvity for all tests was 4 x 
10 ' cm/s Based on an average horizontal gradient of 0 02 feet/foot (ft/ft) at the 903 Pad, Mound, and East 

Trenches Areas, an assumed effectlve porosity of 0 1, and a mean hydraulic conductlvity of 4 x lo4 cm/s, 

(Rockwell International, 1987a) the average ground-water velocity in the Rocky Flats Alluvium is 82 feet per year 

(ft/yr) 
approximately 8 ft/yr to 10,350 ft/yr 

Based on the ranges of hydraulic conductlvtty values, ground-water flow velocity ranges from 

The geometric mean hydraulic conductivity based on drawdown-recovery tests for the Woman Creek valley 

f i l l  alluvium IS 7 x 10 ' cm/s and the range is from 5 x 10 cm/s at well 68-86 to 3 x 10 cm/s at well 65-86 I a 
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No Slug tests were performed on wells completed in Woman Creek valley fill Using an average horizontal 

gradient of 0 02 ft/ft, an assumed effectwe poroslty of 0 1, and a mean hydraulic conductwity of 7 x l o4  cm/s, 

the average ground-water velocity in Woman Creek valley fill is 145 ft/yr (Rockwell International, 1987a) 

Ground-water flow velocity ranges from 10 to 621 ft/yr based on the range of hydraulic conductMty values 

0 

South Walnut Creek valley fill is less conductwe than that along Woman Creek based on lithologic descriptions 

and hydraulic conductivity tests of well 35-86 A drawdown-recovery test and a slug test have been performed 

in well 35-86 The hydraulic conductwity of South Walnut Creek Alluvium calculated from the drawdown- 

recovery test was 9 x 10' cm/s Results of the slug test indicated a hydraulic conductivity of 1 x lo4 cm/s 

Using the mean conductivlty of 9 5 x 10 ' cm/s, an effectwe porosity of 0 1, and an average gradient of 0 02 

ft/ft, the average flow velocity in South Walnut Creek valley RII is 20 ft/yr (Rockwell International, 1987a) 

The average ground-water flow velocities calculated for various surficial materials assume the materiels are fully 

saturated year-round However, as discussed above, portions of the Rocky Flats Alluvium, colluvium, and 

valley fill alluviums are not saturated during the entire year Based on water levd data from the area, alluvial 

wells are dry approximately three months during the year (generally August through October) Thus, ground- 

water flow may occur only nine months of the year This results in reduced average ground-water movement 

in all alluvial materials (approximately 62 ft/yr in Rocky Flats Alluvium, 110 ft/yr in Woman Creek valley fill 

alluvium and 15 ft/yr in South Walnut Creek valley fill alluvium) 

2 2 2 2 Confined Ground-water Flow Svste me 

The greatest potentlal for ground-water flow in the Arapahoe Formation occurs in the sandstones contained 

within the claystones Ground-water recharge to sandstones occurs as infiltration from alluvial ground water 

where sandstones subcrop beneath the alluvium, and to a very minor extent by leakage from claystones 

overlying the sandstones 

Following Robson, et al (1981a) flow within indwldual sandstones is assumed to be from west to east, but the 

geometry of the ground-water flow path in the bedrock is not fully understood at this time due to its 

dependence upon the continuity of the sandstones and their hydraulic interconnection Also, there Is not 

sufficient information to estimate ground-water flow rates in the lower sandstones at this time Evaluation of 
the lateral extent and degree of interconnection of the sandstone units is a primary goal of an ongoing program 

of profiling the Arapahoe Formation through additional drilling and high resolution seismic reflection studies 

This information will be used in conjunction wdh slte hydrologic data to better characterize flow paths in 

individual sandstones during the Phase II RFI/RI bedrock investigation 
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2 2 3 Surface Water Hydrology 

2 2 3 1  b u t  h Walnut Creek 

The headwaters of South Walnut Creek were filled during construction of Plant facilities, and the area Is now 

drained by a series of culverts The drainage from the Central Avenue area between the 903 Pad and Mound 

Areas is dwerted into a large corrugated metal pipe that discharges into South Walnut Creek beneath a 

perimeter access road embankment outstde of the Perimeter Security Zone (PSZ) A second culvert is a large 

concrete culvert that diverts storm flows from the area east of Building 991 within the PSZ to South Walnut 

Creek This concrete culvert also discharges beneath the perimeter access road and into the South Walnut 

Creek drainage 

A third culvert dwerts flows from the western part of the PSZ to a point downstream of the two culverts 

described above The third culvert terminates near the sewage plant discharge channel in South Walnut Creek 

The combined flows, typically less than 10 gallons per minute (gpm) based on flow data from the first three 

quarters of 1989, then enter the South Walnut Creek retention pond system Below the retention ponds, South 

Walnut Creek joins North Walnut Creek and an unnamed tnbutary within the buffer zone before flowing into 

Great Western Reservoir located approximately one mile east of this confluence 

The South Walnut Creek retention pond system consists of five ponds (6-1 , 6-2, 6-3, 84, and 6-5) that retain 

surface water runoff and Plant discharges for monfionng and evaluation before downstream release of these 

waters All flow downstream of the most downstream pond (Pond 6-5) originates from Pond 8-5 and Is 

measured and monitored for quality in accordance with the Plant's NPDES permit (discharge point 006) 

Ponds B-1 and 8-2 are reserved for spill control, surface water runoff, or treated sanitary waste of questionable 

quality, and Pond 8-3 is a holding pond for sanitary sewage treatment plant effluent The normal discharge 

of Pond 8-3 is to a spray system located in the vicinny of the East Trenches Ponds 64 and 6-5 receive 

surface water runoff from the central portion of the Plant and occasional discharges from Pond 6-3 The 

surface water runoff recewed by Pond 84 is collected by the Central Avenue Ditch and upper reaches of South 

Walnut Creek (including storm runoff diverted via the two largediameter culverts) The discharge of Pond 8-5 

is currently released to retention Pond A-4, located in the North Walnut Creek drainage 

2 2 3 2 Woman Creek 

Woman Creek is located south of the Plant wlth headwaters in largely undisturbed Rocky Flats Alluvium 

Runoff from the southern part of the Plant is collected in the SID located due north of the creek and delivered 

to Pond C-2 Pond C-1 (upstream of C-2) receives stream flow from Woman Creek The Woman Creek 

drainage is located in OU No 5 which is just south of OU No 2 The discharge from Pond C-1 is dwerted 
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around Pond C-2 into the Woman Creek channel downstream Water in Pond C-2 is treated and monitored 

in accordance with the Plant NPDES permd Treated water from Pond C-2 is then dwerted to the Walnut Creek 

watershed where it is released to the Broomfield Dwersion Canal 

* 
Flow in Woman Creek and the SID is intermittent, appearing and disappearing along various reaches During 

the 1986 indial sRe characterization, measurable flow occurred at less than one-half of the ten stations located 

along Woman Creek and the SID (Rockwell International, 19868) All recorded flows were less than ten gallons 

per minute During the 1986 and 1987 investigations, there was no surface flow in Women Creek downstream 

of Pond C-2 The intermittent surface water flow observed for Woman Creek and the SI0 Is indlcatlve of 
frequent interaction with the shallow ground-water system 

2 2 4 Surficial Soils 

Surficial soils of OU No 2 are predominantly moderately deep to deep, welidrained clay loams of moderate 

to low permeability The area is drained by Woman Creek, and soils along the flood plain and low terraces 

have formed in stratified loamy alluvium The higher, gently sloping soils are formed from Rocky Flats Alluvium, 

where gravels and cobbles are common The hillsides in the area are formed from cobbly, gravelly, and loamy 

alluvium (mixed sources) or claystone Runoff is generally rapid and erosion hazard can be severe on the 

steeper slopes Numerous soil series occur in the area however, all belong in the Arguistdl great group with 

the exception of some entisolls in the drainages (Figure 2-6 and Table 2-2) Arguistdls are generally 

characterued as welldrained soils with mollic (dark) epipedons, argillic 'B" horizons, and calcic 'C" horizons 

They exist in ustic moisture regimes (limited moisture, but adequate for plant growth during growing season) 

The two predominant subgroups are Torrertic and A r k ,  with the Torrertic Arguistdls having more pronounced 

shrinking and swelling capability (U S Department of Agriculture, 1980) 

@ 

2 3 NATURE AND EXTENT OF CONTAMINATION 

2 3 1 Background Characterization 

In order to facilrtate the interpretation of chemical results in non-background areas, a background 

characterization program has been implemented to define the spatial and temporal variability of naturally 

occurring constduents A plan was completed in January 1989 (Rockwell International, 1989g), field work was 

conducted and a draft Background Geochemical Characterization Report was prepared and submitted to the 

regulatory agencies in December 1989 (Rockwell International, 1989h) The report was recently finalized for 

submittal in December 1990 (EG&G, 1990g) The document summarizes the background data for ground 

water surface water sedrments and geologic materials, and identlfies preliminary statistical boundaries of @ 
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TABLE 2-2 

SOIL TYPES EAST OF THE 903 PAD 

Denver-Kutch-Midway 

Engleuood 

Flatirons 

Haverson 

Leyden-Primen-Standley 

M i dway 

Neder land 

N v v l  

NuKl 

Stand L cy - N WKI 

Ui 1 loman-Leyden 

Torrertic Arguistolls clay loam 9-25 slow 31 

Torrertic Arguistolls clay lorn 2-5 slow 42 

Aridic Paleustots sandy lam 0-3 slow 45 

Ustic Torriflwents 1 o m  0-3 moderate 60 

cobbly 
Aridic Arguistolls clay loam 15-50 slow 80 

Ustic Torriorthents clay loam 9-30 slow 98 

Aridic Arguistolls sandy loam 15-50 moderate 100 

Aridic Arguistolls clay loam 0-2 slou 102 

Aridic Arguistolls clay loam 2-5 slow 103 

Aridic Arguistolls gravelly 0-5  slow 149 

Aridic Arguistolls clay lorn 9-30 moderate 1 74 

cley loam 

* So i l  Type nunber corresponds to soil type exhibited in Figure 2-6 

Source U S Department of Agriculture, 1980 
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background vanability Spatial variations in the chemistry of geologic materials and water were addressed by 

placing sample locations throughout background areas at the Plant The goal of evaluating temporal variations 

in water chemistry has not yet been achieved because at least two years of quarterly data are needed 

Revision of the background report will continue as additional background data are collected 

The boundaries of background vanability were quantlfied through the calculation of tolerance intemls 

assuming a normal distribution Assumptions and statistical analyses of the background tolerance intervals 

are presented in Rockwell International (1989h) The upper limit of the tolerance intend or the maximum 

detected value for each parameter analyzed in background ground-water, surface water, sediment, and 

geologic samples are provided in Tables 2-3 through 2-6, respectively Maximum detected values are provided 

where there were insufficient data to calculate tolerance intervals This condition resulted from there being 

an insufficient number of samples, or where there was an insufficient number of detectable concentrations for 

a glven analyte Background sampies were initially not analyzed for EPA Contract Laboratory Program (CLP) 

Target Compound List (TCL) organics, because the background areas are outsbe of potentially contaminated 

areas However, as of first quarter 1990, ground-water and surface water samples are being collected in 

background areas for volatile organic analysis 

To assess the presence of inorganic contamination at the 903 Pad, Mound, and East Trenches Areas, site- 

specific chemical data are compared to the background tolerance intervals or the maximum detected vaJue 

d a tolerance interval could not be calculated A consttuent concentration that is greater than the upper limit 

of the one-sded 95 percent tolerance interval at the 95% confldence level will be considered to preliminarily 

represent contamination Although not statistically significant, a site-specdic chemical concentration above the 

maximum detected background value is consldered a very preliminary indication of contamination in the 

following assessment 

Radionuclides are analyzed by counting subatomic particle emissions, which is a random function Since 

radioactive disintegration is a statistical process and therefore has a probabilRy distribution. results are reported 

as a measured value with an associated two standard deviation propagated error term d c a t e d  in parentheses 

immediately following the measured value Computation of tolerance intervals for radionuclides did not account 

for the error term associated wth each datum Techniques are under investigation to account for propagation 

of error resulting from computation For the purposes of this plan, the boundanes of the background 

variability for radionucldes will be the tolerance intervals as computed in the draft Background Geochemical 

Characterization Report Site radionucllde concentrations where the error term is larger than the measured 

value are below the minimum detectable activity (MDA) and are considered not statistically different from 

background Measured values which exceed their associated counting errors are considered above 

background d they are greater than the upper limlt of the calculated tolerance interval Because this 
comparison does not account for the propagated error associated wlth the upper limlt of the background 
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TABLE 2-5 

BACKGROUND SEDIMENT 
TOLERANCE INTERVAL UPPER LIMITS 

OR MAXIMUM DETECTED VALUE 

Analyte unl to upper Limit (9 s q l c r )  

Total Metals 

ALuninun 
Ant i m y  
Arsenic 
Bariun 
Beryl 11 un 
Cadni un 
Calciun 
Ces i u n  
Chromium 
Cobalt 
Copper 
I ron  
Lead 
Lithiun 
Magnes i un 
Manganese 
Mercury 
Ho 1 ybdenun 
Nickel 
Potsssiun 
Seleni un 
Si lver 
Sodlun 
S t ront i un 
Thalliun 
Tin 
Vanad i un 
Zinc 

Other 

Ni t rate 
PH 

Total Radionuel ides 

Gross Alpha 
Gross Beta 
Uraniun 233, 234 
Uraniun 235 
Uraniun 238 
Strontiun 89,  90 
Plutoniun 239, 240 
Americiun 241 
Cesiun 137 
Trit iun 

24789 
ND 
13 O* 

18P 
ND 
ND 

7255 1 
ND 
43 38 
NO 
22 o* 

28308 
39 502 
NO 

4110* 

ND 
372 20 

ND 
29 Q* 
ND 
ND 

ND 
175* 

ND 
ND 
SO 2* 
92 688 

6 8' 

ND 
9 03 (8 77) 

60 
50 
1 669 
0 176 
1 755 
1 390 
0 096 
0 029 
1 578 
0 408 

ND 

0 
t 

Not Detected 
Haxinun Detected V e l w  
Tolerance Interval Lower Limit for  Two-sided P a r m t c r  
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tolerance interval, this yields conservative interpretatton of the site data It is also noted that the upper limits 

of the tolerance intervals are similar in magnitude to the maximum concentration observed for the data set 

2 3 2 Borehole Sampler 

The Phase I RI for OU No 2 focused on source characterization of preliminanly Mentrfied past waste disposal 

sites (IHSSs) Samples were taken from boreholes drilled into and adjacent to known IHSS locations and 

analyzed for the parameters listed in Table 2-7 Boreholes were drilled into several IHSSs to the extent 

practical However, boreholes were not drilled into sites still containing wastes (the trenches) or radionudMe 

contamination (903 Pad) because of potential health hazards to field workers and the potential for release of 

waste constnuents to the environment Figure 2-1 shows Phase I RI borehole locations, and analytical sdl 

sampling results are presented in Appendlx A 

The majority of the metals analyzed from subsurface materlals at OU No 2 were below background levels 

Those elements which did exceed background are discussed on a sne-by-sne basis in the subsequent sections 

Plutonium (Pu) and americium (Am) are the principal radionuclide contaminants exhibiting elevated 

concentrations in surficial soils Because many of the pedologic samples were mixed into large composites, 

the Phase I RI data do not rule out the presence of radionuclides other than plutonium and americium 

Cesrum-137 (Cs-l37), trnium (H3), and uranium (U) were detected, albeR at near-background concentrations 

and in fewer than ten samples The Phase I RI results are consistent with a recent aerial radidogical survey 

(EG&G, 1989) The radroacttvny detected in that survey was associated with known radioactwe material 

storage and handling areas, and was attributed to plutonium, americium, and a uranium decay product The 

survey indicated elevated americium in borehole samples at the 903 Pad LIP Site The cesium-137 activity was 

at a level consistent wnh global fallout and not enriched in the Plant area Planned Phase II sampling activities 

will aid in evaluating the elevated plutonium and americium concentrations in surface soils and in boreholes 

The following sections summarize available subsurface soil sampling results for the 903 Pad, Mound, and East 

Trenches Areas 

2 3 2 1 903 Pad Area 

The 903 Pad Drum Storage and Lip Sites are considered together here because of the proximity of associated 

boreholes (BH22-87, BH23-87, BH24-87, BH29-87, and BH30-87) 
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TABLE 2-7 

PHASE I RI 
SOURCE SAMPLING PARAMETERS 

SOIL AND WASTE SAMPLES 

ETALS 
Hazardous Substances List - Metals 

A l u n i n m  
Antimony 
Arsenic 
Bar 1 un 
Beryl 1 run 
Cadniun 
Calcrun 
Chromiun 
Cobalt 
Copper 
Iron 
L e d  
Maws i un 
Manganese 
Mercury 
Nickel 
Pot ass i un 
Seleniun 
S i  lver 
Sod1 un 
Thalliun 
Tin 
Vanadi un 
ZlnC 

Other Metals 
Chrmiun (hexevelent) 
Chromiun (trivalent) 
Lithiun 
S t ront 1 un 

OllClwICS 
Hazardous Substances List - 

Chloranethane 
Bromomethene 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l-Dichloroethene 
1.1-Dichloroethane 

Volati les 

t ians - 1,2-D ich lorocthm 
Chlorof o m  
1,2-Dichloroethane 
2 -But a m  
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Brdichlorornethane 
1,1,2,2 Tetrachloroethane 
1,2-Dichloropropane 
trans-1,3 Dichloropropene 
Trichloroethene 
Dibromochlorwnethane 
1.1.2-Trichloroethene 
Benzene 
cis-1,3-Dichloropropne 
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I 

a TABLE 2-7 (Continued) 

a 

PHASE I RI 
SOURCE SAMPLING PARAMETERS 

SOIL AND WASTE SAMPLES 

ORWICS (QYT.) 
Hazardous Substances List - Volatile8 (Contlnud) 

2-Chlorocthyl Vinyl Ether 
Bromof orrn 
2 - HexuKm 
4-Mltthyl-2-pentaom 
Tetrachloroethene 
Toluene 
Ch loroknzene 
Ethyl Benzene 
Styrene 
Total xylenes 

Hazardous Substances List - -  Sal-VolatlleS 
N-Nitrosodimethylmine 
Phenol 
Ani line 
bis(2-Chloroethy1)ether 
2-Chlorophenol 
1,3-D i ch loroknzene 
1,4-Dichlorobenzene 
Benzyl Alcohol 
1,2-Dichlorobenzene 
2 -Met h y 1 pheno 1 
bis(2-Chloroisopr~L )ether 
4-Methylphenol 
N-Nitroso-Dipropylamine 
Hexachloroethane 
N i troknzene 
1 oophorone 
2-N i t tophenol 

Benzoic Acid 
bis(2-Chlorocthoxy)nth8ne 
2, 4 -D i ch 1 oropheno 1 
182,4-Trichlorobenrene 
Naphtalene 
4-Chloroaniline 
Hexechlorobutadiene 
4-Chloro-~-methylphenol(pere-chloro-mt8-creso~) 
2-Methyl~phthalene 
Hex8chlorocyclopcnt8dl m 
2,4,6-Trichlorophcnol 
2,4,5-lri chlorophenol 
2-Chloronaphthalcnc 
2-NitroanClrne 
Dimethyl Phthalate 
Acenaphthyl ene 
3-Nitroani line 
Acenaph thene 
2,4-Dinitrophenol 
4-Nitrophenol 
D i knzof uran 
2,4-Dinitrotoluene 
2.6-Dinitrotoluene 
Diethylphthelate 
4 Chlorophenyl Phenyl ether 
Fluorene 
6-Nitroaniline 
4,6-Dinitro-2-mthylphenol 

2,1-D1mthylph~l 
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TABLE 2-7 (Continued) 

PHASE I RI 
SOURCE SAMPLING PARAMETERS 

SOIL AND WASTE SAMPLES 

QWICS c m . 1  
Hazardous Substances List - -  Scrni-VotatikS (Contlnucd) 

I-ni trooodi pheny luni ne 
4-Bramphenyl Phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Dr-n-butylphthalate 
fluoranthene 
Benzidine 
Pyrene 
Butyl Benzyl Phthalate 
3,3'-Dichlorobenzidine 
Benzo(8)anthracene 
bis(2-ethylhexyl )phthalate 
Chrysene 
Di-n-octyl Phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Bento(8)pyrcne 
Indmo(l,2,3-cd)pyrene 
Dibenr(a,h)anthr6cene 
Benzo(g,h, i )perylene 

Hazardous Substances List - -  Pesticides/PCBS 
alpha-BHC 
kta-BHC 
del ta-BHC 
g m - B H C  (Lindene) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
D icldri n 
4,4'-DDE 
Endrin 
Endosulfan I 1  
4 4' -DDD 
Endrin Aldehyde 
Endosulfan Su 1 fat e 
4,C' -DOT 
Endrin Ketone 
Methoxychlor 
Ch lordane 
Toxaphene 
AROCLOR - 101 6 
AROCLOR-1221 
AROCLOR - 1232 
AROCLOR 1242 
AROCLOR - 1248 
AROCLOR-1254 
AROCLOR-1260 

Other Organics 
011 end Grease 

Sheet 3 of 4 
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TABLE 2-7 (Continued) 

PHASE I RI 
SOURCE SAMPLING PARAMETERS 

SOIL AND WASTE SAMPLES 

RADIQIICLIDES 
Gross Alpha 
Gross Beta 
Uranim-233+234, 235 and 238 
her1  c i  rm-241 
Pluton1 m- 239+240 
Stront i un-89+90 
CCS t LAI- 137 
Tritium 

OTHER 
PH 
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Pro-Phrse I RI 903 Pad Subsurface Rad ionuclide Investhat iona 

Pnor to the emplacement of the asphalt cover at the 903 Pad, a plutonium surface survey was conducted in 
1968 subsequent to drum removal (Owen, 1968) The results of this survey are presented in Figure 2-7 This 

survey indicates widespread contamination throughout the 903 Drum Storage She However, the highest 

survey values occur beneath the western half of the pad where drums were stored and Buyding 903 was 

located 

After the emplacement of the asphalt m e r ,  the soils beneath the 903 Pad were sampled in two sampling 

events for a total of ten excavatkms The pu- of both sampling events was characterkation of plutonium 

and uranium concentrations beneath the Pad, other contaminants were not described The excavation 

locations are shown in Figure 2-8 

in the earlier of the two sampling events (Seed, et al , 1971), four excavation sites (Figure 2-8) were located 

on the basis of a gross gamma survey on the asphalt cover Four two- to four-square-foot holes were hand 

dug to various depths The total mass of plutonium yielded from excavations SW and NC were approximately 

10 milligrams (mg) and 0 2 to 0 3 mg, respectively Approximately 25 kg and 6 kg of depleted uranium were 

recovered from excavations No 14 and No 17, respectively (Depleted uranium is the uranium remaining after 
the uranium-235 isotope is separated from natural uranium during the gaseous diffusion enrichment process ) 

Reportedly, no sample contained both plutonium and uranium Two conclusions are drawn from this study 

pertinent to waste characterization First, no evidence was found of radionudides moving upward from the 

original ground level into the fiii material Second, at all four locations activity extended no more than one inch 

into a clay layer which was found 4 to 15 inches betow the original ground surface Table 2 8  presents a 
summary of the results 

@ 

In the later sampling event (Navratil, et ai , 1979), six soil samples (Table 2-9) were taken from beneath the 903 

Pad These soil samples were examined to determine the extent and distribution of plutonium and americium 

The average plutonium and amencium concentrations reported for the Sbc samples are shown in Table 2-9 

Pertinent conclusions drawn from this study are 

a 
0 Plutonium and americium are associated with smaller soil fractions 

0 An estimated 18,OOO tons of contaminated soil underlies the asphalt pad 

Tests conducted on 903 Pad soil indicate that wet screening is effective in reducing plutonium 
and americium soil contamination (Navratil, et at, 1979) 
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0 025 to 0.10 mg/m2 B 
Modhd after Owen (1968) 

OPEMlcE UNn NO 2 
PWASE II m/RI WORK PIAN (Auuvkl) I 
RESULTS OF 1968 PLUTONIUM 

SURFACE SURVEY AT 903 DRUM 
STORAGE SITE 

neURE 2-7 
Fab~ary, 1991 
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14 
m o  

4 

0 
5 

0 
3 

- Edge of 903 Asphalt Pad 

m NC 

0 
6 

17 
m 

0 
2 

395 ft 

MPLA" 
Sample reported in Seed et al (1971) 

o Sample reported in Navratil et al (1979) 

3 Sample Identifier (See text) 

Modrfisd ofter figure appended to Navratil et al (1979) 

d 0 u rc 

b 
M 

c 
ic- 

LOCATION OF SAMPLES FROM 
BENEATH THE 903 PAD 

FIGURE 2-6 
abMty, 1991 
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TABLE 2-8 

SUMMARY OF RESULTS REPORTED BY SEED, ET AL. (1971) 

V e r t i u l  

Act 1v1 ty R e d i n e  Reading acre  Activity 

Arphrlt 

W U t l U  W U t l U  
m I: a Thickness 

Thru in in Actrvtty L y c r  (inthcl) 

Wol e (cpl) (cp) (a=) Mmterial Detectd crand t v f u e  
Fi rst  Belaw Original Hole Hole Active 

No 14' 55 * 000 3 x to' 5 * 000 Depleted O f l g i M l  6-8 
Ureniun Ground 

Layer 

su 16,000 4 6,000 

No 17 35,000 2 x lo6 

NC 16,000 20,000 

20 * 000 

5,000 

1,000 

PlUtonlun Or1 91 nal 
Ground 
Layer 

Depleted Or iginal 
urmiun Ground 

Layer 

PlUtonlM Original 
Ground 
Layer 

4-6 

1-2 

el 

Table modified after Seed, et el (1971) Based on wet chemical analysis ' e  
This hole uas identified as No 32 in original table, houever, revieu of text indicates this uas mislabeled and should 
be hole No 14 (no hole 32 nas excavated) 

cpn = counts per minute 

dpm = disintegrations per minute 
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TABLE 2-9 

SUMMARY OF RESULTS FOR SOIL SAMPLING BENEATH THE 903 PAD 

R8dionuclkle Content 

940 427 620 282 46 

1,400 636 1,100 500 61 

8,000 3,636 1,000 455 56 

45,000 20,455 4,200 1,909 66 

14,000 6,364 4,100 1,864 61 

17,000 7,727 5,000 2,273 61 

18 

24 

22 

26 

24 

24 

Table modified from Navratll, et a1 (1979) 

dpm/g = disintegrations per minute per gram 

pCi/g = picoCuries per gram a - 
cm = Centimeters 
t The saq~ling depth shows the soil removal depth required to reach soil readings s250 dpn/g 
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In summary, plutonium and americium are present beneath the 903 Pad and appear to be restricted to shallow depths 

below the original ground surface The distribution of other contaminants in the soils beneath the 903 Pad, however, 

has not been investigated 

903 Pad and LiD Sites Phase I RI Soil Investha tion Result@ 

Hazardous Substances Ltst (HSL) vdatiie organics were below detection limits in boreholes surrounding the 903 Pad 

with the exception of bis(2-ethylhexyl) phthalate Acetone and methylene chloride were reparted but are suspected 

laboratory artrfacts as indicated by contaminated laboratory blanks However, vdatRe organics are present in ground 

water at the site and are expected to be present in subsurface materials directly beneath the 903 Pad Based on 

borehole sampling results, the extent of vdatiie organic soil contamination at the 903 Drum Storage Site appears 

to be confined to the area immediately beneath and adjacent to the pad Additional boreholes will be drilled through 

and immediately adjacent to the pad during the Phase II RFI/RI to valldate this conclusion 

The Rocky Flats Alluvium near the 903 Pad and Lip SItes contains barium (Ba), cadmium (Cd), calcium (Ca), mercury 

(Hg), manganese (Mn), antimony (Sb), and zinc (Zn) above background Of those elements, only manganese was 

reported above background in more than two samples and by more than a factor of two above the tderance limit 

[maximum manganese - 1,080 milligrams per kilogram (mg/kg) in 8H23-873 The isdated Occurrence of detectable 

mercury in colluvium is notable for Its very high value (114 mg/kg in BH29-87) 

Fewer analytes exceeded background in the deeper units below IHSSs 112 and 155 Cadmium reached 3 8 and 4 0 

mg/kg in claystone, and the major ions calcium and aluminum (AI) exceeded background by less than 10% of the 

tolerance level Sandstone in BH29-87 exhibited arsenic (As), cadmium, and mercury slightly above background, and 

iron (Fe), lead (Pb), and vanadium (V) above background by larger margins 

The Phase I RI results provMe evidence of plutonium and americlum contamination of surface soils Plutonium and 

americium are significantly elevated in the 0 to 1 foot composite interval of BH30-87 [plutonium -180 picoCurles per 

kilogram (pCi/kg), americium - 22 pCi/kg], and less so in BH22-87 and 8H23-87 

Based on results of a borehole sampling program (Rockwell International, 1987a), it appears that soil within the 903 

Pad Lip Site is contaminated wdh plutonium, americium, and phthalates Radionuclde contarnination (plutonium and 
americium) is apparently limded to surficial soils, however, this conclusion will be tested during the Phase II RFI/RI 

I 
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a g) Trench T-2 Sn Reactiv IH 1 1 

Boreholes BH25-87 through BH28-87 are grouped here to jointly characterize the Trench T-2 and Reactbe 

Metal Destruction Sites Vdatile and semi-vdatile organics were detected just south of Trench T-2 in borehole 

BH25-87, maximum concentrations of detected compounds were 17,000 micrograms per kilogram @g/kg) of 

trichloroethene (TCE), 640 pg/kg of tduene, 10,000 pg/kg of PCE, 250 @g/kg of l,l,l-trkhloroethane ( l , l , l -  

TCA), 1,900 pg/kg of bis(2-ethylhexyl) phthalate, 780 pg/kg of ethylbenzene, 3,300 pg/kg of total xylenes, and 

1,100 pg/kg of acetone (also detected in the blank) Chloroform (CHCIJ and 2-butanone were estimated at 

concentrations below the detection limit in two samples each Sdvent contamination was also found at the 

eastern corner of Reactwe Metal Destruction Site in BH28-87 PCE at 210 pg/kg, carbon tetrachloride (ccl,) 
at 100 pg/kg, bis(2-ethylhexyl) phthalate (3,400 pg/kg), and carbon disulfide at 58 pg/kg were all detected 

below the water table in BH28-87 Addttional soil samples will be collected from this site during the Phase I1 

RFI/RI to fully characterize the extent of soil contamination 

I Numerous samples contained arsenic and cadmium above background in the vicinlty of Trench T-2 and the 

Reactive Metal Destruction Site Boreholes near T-2, BH25-87 through BH27-87, contained above-background 

arsenic and cadmium in both cdlwium and claystone, reaching a maximum of 20 mg/kg arsenic in daystone 

at BH25-87 and 5 4 mg/kg cadmium in cdlwium at BH27-87 Only one sample showed above-background 

barium, but the margin above background was very large (1,899 mg/kg in BH25-87) 
, 

Calcium and potassium (K) exceeded background, but the margins of those major soil ions above tolerance 

levels were ten percent or less The sole occurrences of above-background nickel (Ni) (36 1 mg/kg in 

BH25-87) and chromium (Cr) (1 7 mg/kg in BH27-87) were within one mg/kg of the respectwe tolerance limits 

Plutonium and americium were elevated above background in surficial materials near Trench T-2 (BH25-87, 

BH26-87, BH27-87), and in surficd and bedrock materials near the Reactive Metal Destruction Site (BH28-87) 

Additional planned surficial soil and soil profile sampling will characterize the radionuclkle distribution more 

thoroughly 

2 3 2 2 Mound Are8 

Mound. Oil Burn Pit. and Trench T-1 Sites flHSS Ref Nos 113. 153 and 108) 

Boreholes BH33-87 through BH38-87 are discussed together here to represent soils in the vicinity of the 

Mound, Oil Burn Pa, and Trench T-1 Sdes 0 
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No volatile organic contamination was found in boreholes BH37-87 and BH38-87 at the Mound Site, but HSL 

organics were present closer to Trench T-1 and the 01 Burn PR [acetone, methylene chloride, 1,2- 

dichloroethane (1 ,2-DCA), N-nitrosodiphenylamine, di-n-butyl phthalate, and bis(2-ethylhexyl) phthalate] The 

detected vdatiles were all estimated at concentrations below the detection limn or were present in the 

associated laboratory blanks at concentrations within a factor o f  two o f  the concentration in the sample (not 

reportable following CLP protocol) Of the semi-vdatles listed above, only Ms(2-ethylhexyl)phthalate was found 

at non-estimated concentrations, and it was only slightly above the detection limits There is inadequate 

evidence to demonstrate signrficant organic contamination of soils in the vicinlty of IHSSs 108 and 158, 

however, additional soil samples will be collected in this area dunng the Phase II RFI/RI 

I 

Major soil cations, calcium, magnesium, sodium, aluminum, and iron all occurred well above background in 

alluvium of the Mound Area Calcium was enriched by more than a factor of ten In BH34-38 Copper (Cu) and 

vanadium were above background in BH34-87, and cadmium occurred above background in BH33-87 

Selenium (Se) was above background in BH38-87 alluvium 

Major ions were less elevated in the claystone and sandstone than in upper units Calcium and manganese 

were above tolerance levels by a small margin in only one sample each in BH33-87 and BH37-87 
I 

0 Arsenic and cadmium were above background in both lithologic units although the margins above background 

were small Barium was above background in claystone and lead was above background in sandstone 

Potassium was the only major element above background in the sandstone (maximum of 1,400 mg/kg in 

BH45-87) 

Plutonium and americium were elevated in cornposited peddogic samples adjacent to Trench T-1 (boreholes 

BH35-87 and BH36-87) Plutonium was detected at 1 5 f 0 2 pcijg, and americium was detected at 0 30 f 

0 13 pCi/g in the 0 to 12 foot composite sample from borehole BH35-87 Plutonium was also detected at 0 53 

f 0 16 pCi/g in borehole BH36-87 (0 to 5 foot compostte sample) Since radionuclide contamination is limited 
to soil samples which include the ground surface, wind dispersal of plutonium and americium from the 903 

Drum Storage Sde is the likely source of these contaminants This hypothesis will be addressed in the draft 

RFI/RI Report I 
Additional soil sampling of the surface materials will be performed in the Mound Area to identify possible 

impacts of radionuclide contamination resuspended from the 903 Drum Storage Srte Based on review of 
historical air photos, the Mound Site location was revised westward during preparation of the Phase I RI report 
Additional boreholes are needed in the revised IHSS location 1. 
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Pallet Burn Site (IHSS Ref No 154) e 
Soil organic contarnination IS apparent at IHSS 154 Maximum organic compound levels in borehole BH31-87 

were 580 pgjkg of bis(2-ethylhexyl) phthalate, 32 pg/kg of 1 ,2-DCA, 110 N / k g  of acetone, and 20 pg/kg of 

PCE Maximum organic compound concentrations in borehole BH32-87 were 310 pg/kg bis(2Sthylhexyl) 

phthalate, 29 pg/kg of 1 ,2-DCA, and 170 pgjkg of acetone No other organic contaminants were detected, 

and no metals were reported above background in BH31-87 and BH32-87 Soil sampling is needed to evaluate 

the depth and extent of the plutonium in soils Futthenore, review of aerial photographs and historical 

documents during the Phase I RI resulted in revision of the Pallet Bum Site location as discussed in Section 

2 0 Addttional soil samples will therefore be collected from a boring in the possible 8astm location of the 

Pallet Burn Site during Phase II activities 

2 3 2 3 East Trenches Area 

Trenches T-3. T-4. T-10. and T-11 llHSS Ref Nos 110. 111 1. 111 7. and 3 11 8) 

Characterization of the northern East Trenches (T-3, T-4, T-10, and T-1 1) is based on soil sampling results from I 
boreholes BH39-87 through BH46-87 0 

I 

Three of the seven boreholes near Trenches T-3, T-4, T-10 and T-11 (BH39-87 through BH46-87) exhlbfted 

volatile organics above detection limlts Maximum concentrations of 1,l , 1 -TCA were 130 pg/kg In BH43-87, 

180 pg/kg in BH45-87, and 190 pg/kg in BH46-87 Numerous occurrences of acetone, 2-butanone, and 
methylene chlorKle ranged up to several hundred pg/kg In BH39-87 through BH43-87 the acetone results dM 

not have assoclated laboratory blank contamination and therefore may reflect actual contamination N- 

nttrosodiphenylamtne was present at estimated concentrations below 100 pg/kg 

Several occurrences of bts (2-ethyihexyl) phthalate were found in samples from boreholes at Trenches T-3, T-4, 

T-10, and T-I 1 The maximum Concentration of 880 pg/kg occurred in BH45-87 (0 to 9 5 foot interval) In 

addition four detects for di-n-butyl phthalate are found in the analytical data, however, all were estimated at 

concentrations below the detection lima, and two of these detected were also present In the associated 

laboratory blanks (Appendix A) 

e 

Calcium was the only major ion in alluvium that was present above background Its concentration in BH41-87, 

BH43-87 and BH45-87 ranged between 50,000 and 120,000 mg/kg, well above the tolerance IimR of 43,079 

mg/kg All of the boreholes contained up to three trace elements above background except BH44-87 

Maximum valves were arsenic - 37 mg/kg in BH39-87, cadmium - 6 2 mg/kg in BH39-87, manganese - 58 

mg/kg in BH42-87, zinc - 55mg/kg in BH41-87, and chromium - 58 mg/kg in BH43-87 
0 
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In the underlying claystone, sodium was the only major ion above background (maximum of 1,400 mg/kg in 

39-87) Borehdes BH40-87, BH42-87, and BH44-87 had no elements above background, whereas BH39-87, 

BH41-87, BH43-87, BH45-87, and BH46-87 each had a few elements above background Maximum values 

were arsenic - 25 mg/kg in BH39-87, cadmium - 6 2 mg/kg In BH46-87, barium - 413 mg/kg in BH39-87, 

manganese - 3,540 mg/kg in BH45-87, vanadium - 60 mg/kg in BH45-87, and zinc - 124 rng/kg In BH46-87 

@ 
I 

Potassium was the only elevated major element in the sandstone (maximum 1,400 mg/kg in BH45-87), and 

BH40-87, BH41-87, BH43-87, and BH46-87 had no metals above background A subset of arsenic, barium, 

cadmium, chromium, iron, manganese, nickel, lead, and vanadium were elevated in each of boreholes 
BH49-87, BH42-87, BH44-87, and BH45-87 

Plutonium was elevated in the surface sample from BH39-87 (0 82 f 0 12 pCi/g) Additional surficial soil 

sampling is necessary within this group of trenches to characterize surficial radionuclide contamlnation 

Trenches T-5 throuah T-9 (IHSS Ref Nos 111 2 throwh 111 81 

Characterization of the southern East Trenches (T-5 through T-9) is based on soil sampling results from 

boreholes BH47-87 through BH54-87 e 
Volatile organic contaminants (including acetone and methylene chloride), bis(2-ethylhexel) phthalate, and N- 
nfirosodiphenylamine are present in alluvium and claystone in the vicinity of the southern trenches Most of 

these occurrences are assocmted with contaminated laboratory blanks, but occasionally substantial 

concentrations were reported wfihout a corresponding Occurrence in the blanks BH47-87, BH49-87, BH50-87, 

BH52-87, and BH54-87 contain 1,P-DCA (maximum 110 pg/kg), TCE (maximum 150 pg/kg), PCE (maximum 

62 pg/kg), and toluene (30 pg/kg) Total xylenes (BH54-87, 2 0 to 4 0 foot interval) and l,l,l-TCA (BH47-87, 

8 0 to 9 0 foot interval) were reported at a concentration below the detection limit I 
Major ions, calcium, magnesium, iron, and potassium were present above background in alluvium near 

Trenches T-5 through T-9 Only calcium was signrficantly elevated in more than one borehde (81-147-87, 

BH48-87, BH52-87, BH53-87, BH55-87, and BH56-87) 

Only BH49-87 had no trace elements above background In the other boreholes, arsenic, cadmium and lead 

were above background in a total of eight samples (maxima arsenic - 30 8 mg/kg in BH54-87, cadmium - 5 6 

mg/kg in BH51-87, and lead - 45 6 mg/kg in BH51-87) 

Arsenic and cadmium were the only elevated metals in the sandstone beneath T-5 through T-9, and they each 
exceeded background by only 0 2 mg/kg and in only one sample 

0 
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Plutonium was detected in the majority of the uppermost soil samples (maximum was 6 0 i 0 2 pCi/g in 

BH52-87,O to 9 5 foot interval), and in only two subsurface samples (0 98 f 0 24 pCi/g, 2 to 3 5 foot interval, 

and 0 14 f 0 12 pCi/g, 6 to 7 8 foot intervai in 6H53-87) Amerlcium was detected only in BH52-87 (0 14 f 

0 10 pCi/g, 0 to 9 50 foot interval) and BH53-87 (0 53 f 0 20 pCi/g, 0 to 18 8 foot interval) surface composltes 

2 3 3 Ground Water 

Ground-water samples from the 903 Pad, Mound, and East Trenches Areas were analyzed for the parameters 

listed in Table 2-10 The following discussion of volatile organics, metals, and inorganlcs focuses on results 

for the second quarter of 1989 These are the most recent data pertalning to the same season for which the 

background data are available However, the discussion of 1989 site-specific radionuclide data relies on first 

quarter results because complete second quarter site-specific data are unavailable 

Site-specdic results are compared to the upper limlt of the tolerance interval when available Maximum 

detected values are used for comparison where there are insufficient data to calculate tolerance intervals This 

condltion resulted from either an insufficient number of samples or an insufficient number of detectable 

concentrations for a given analyte 

Appendix B presents all the ground-water quality data for OU No 2 wells since remedlal investigation sampling 

began in late 1986 through second quarter 1989 (same data set as was used in the December 1989 submittal) 

Quarterly ground-water sampling is ongoing at OU No 2 These longer term data are consistent with the 

findings in second quarter 1989 unless otherwise noted below Data value qualifiers are presented in the 

appendices and on the tables in the fdlowing sections A 'J" or an "E" next to an analyte concentration rdects 

that the concentration is estimated below and above the detection limit, respectively 

' 0 

2 3 3 1 Volatile Orma nic Contamination 

Carbon tetrachloride, PCE, and TCE are the primary volatile organic contaminants in the unconfined ground- 

water flow system Figures 2-9 through 2-1 1 show isopleths for these compounds in the second quarter 1989 

for both unconfined alluvial and bedrock wells Table 2-1 1 presents all volatle organics above detection limits 

in the unconfined ground-water system Additional monitonng wells have been proposed for the 903 Pad, 

Mound, and East trenches areas to define the extent of volatile organics in alluvial ground water and to 

characterize alluvial ground-water flow The purpose and location of each proposed well are presented in 

Section 5 1 1 
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TABLE 2-10 

PHASE I RI 
GROUND-WATER AND SURFACE WATER SAMPLING PARAMETERS 

FIELD PAMETERS 
PH 
Specific Conductance 
Tanpcrature 
Dissolved Oxygen 

IlOIUTQS 
Total Dissolved Solids 
Total suspended solids 

lETALS 
Hazardow Substances List - Metals 
Aluninun 
Ant rmny 
Arsenic 
Bariun 
Beryl 1 i un 
Cadnlum 
Calcrun 
Chromium 
Cobalt 
Copper 
1 ron 
Lead 
Magnes 1 un 
Mangamse 
Mercury 
Nickel 
Potass 1 un 
Seleniun 
Silver 
Sodlun 
Tho1 1 iun 
Tin 
vanadium 
zinc 

Other Metals 
Chromium (hexavalent) 
Lithiun 
Stront iun 

ATIQlE 
Carbonate 
B i carbonate 
Ch lor ide 
Sulfate 
Nitrate 

ORCAYXCS 
O i l  and Grease 
Hazardous Substances List - Volatiles 
Chloromethane 
Bromanlthane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l-Dichloroethenc 
1,l-Dichloroethanc 
trans 1,2-Oichloroethene 
Chloroform 

' 
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TABLE 2-10 (Continued) 

GROUND-WATER AND SURFACE WATER SAMPUNG PARAMETERS 

QIWICS 
Hazardous Substances List - Volatiles (Continued) 
1,2-Di chlorocthane 
2 - B u t a m  
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Branodi ch loromethane 
1,1,2,2-Tetrachlorocthane 
1,2-D i chloropropenc 
trans- 1,3-D i ch Loropropcnc 
Trichlorocthm 
01 bromochlormethane 
1,1,2-Triehloroeth~e 
BUIZCNW 
ci 0-1 ,f-Dichloropropcnc 
2-Chlorocthyl Vinyl Ether 
Branoform 
2- H e X a m  
6-Uethyl-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 

RADlOlLlcLlDES 
Gross Alpha 
Gross Beta 
Uraniun-233+234, 235, and 238 
hner 1 ci un-261 
Pluton1 ~n-239+240 
Strontiun-90 
Ccsiun-137 
Trrtlun 

* For surface uatcr samples only 
** Dissolved metals for ground-water samples, total and dissolved metals for surface wtcr swppLcs 
*** Ground-water Smples from the first quarter of 1987, a d  et1 surface water srwrpks Yare aMLyzed for 

9 of the HSL volatiles These volatiles are the ChloriMted solvents historically detected in the 
ground uatcr and arc as follow PCE, TCE, l,l-DCE, 1,2-DCA, t-1,2-DCE8 l,l,l-TCA, l8l,2-TCA, CCL, 
and CHCL, condition resulted from either an insufficient n n k r  of snples or an insufficient n u k r  
of detectable concentrations for a given analyte 
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Carbon Tetrachloride 0 
Carbon tetrachloride occurs in ground-water monitoring wells east, southeast, and northeast of the 903 Pad 

Area (Figure 2-9) Of the downgradient wells in this area, 1-71 and 15-87 show the highest levels of CCI, (6WJ 

and 1,lOOJ micrograms per liter (pg/l)] (These relatively high concentrations of CCI, are flagged "J" because 

the measurement of the undiluted samples exceeded the range of the standard curve, and the laboratory 

diluted samples were less than the range of the standard curve Although this compromises the precision of 
the data, these results indicate that significant CCI, contamination exists) The notthem Eagt Trenches may 

be a second source of CCI,, for the downgradient concentrations (in wells 36-87 and 42-86) are greater than 

the upgradient concentrations (in wells 17-87 and 25-87) 

The data from repeated samplings corroborate the second quarter 1989 findings, with CCI, concentrations of 

several hundred to a few thousand pg/P in the majorlty of samples from wells 42-86, 15-87, 17-87, 1-71,3-74, 

11-87, 14-87, 25-87, and 36-87 Other wells had high but isolated CCI, readings (for example, 2,292 pg/P in 

39-86), low but consistent readings (in wells 29-87 and 12-87) less than 100 pg/P, and one low Occurrence in 

well 35-87 (12 mg/P) These data demonstrate that CCi, has penetrated all sampled geologic units except 

unweathered sandstone Although CCI, was not detected in the Mound Area at well 1-74, the existing well 

network IS not sufficient to define in detail the CCI, plume e 
Tetrachloroethene 

The Mound Area appears to be the primary source of PCE within the study area (Figure 2-10) as well 1-74 

contained 45,000 pg/L PCE A plume of PCE wRh concentrations greater than 100 pg/t extends east and 

southeast (downgradient) from the Mound Area to at least well 36-87 The extent of this plume is not well 

defined 

PCE was detected in wells southeast (downgradient) of the 903 Pad and Trench T-2 (2-71, 15-87, and 1-71). 

although the concentrations were lower than in the Mound Area wells An estimated concentration of 8J pg/L 

at well 64-86 is the only PCE occurrence outside the limits defined by the wells listed above This low and 

isolated result does not provide adequate evidence of PCE contamination at well 64-86 Additional monitoring 

wells and further sampling are required to delineate the extent of PCE contamination in this vicinity 

Nearly all of the wells that contained PCE in second quarter 1989 exhiblted that contaminant throughout the 

historical samplings PCE was reported as high as 528,000 pg/P in well 1-74 The earlier sampling also 

suggests that the PCE plume may extend farther than shown on Figure 2-10, for occasional samples from wells a 
Final Phase II RFI/RI Work Plan (Alluvlai) 903 Pad Mound and East Trenches Areas 
Rocky Flats Plant Golden Colorado 
eg&g 903pad\ou2 ph2',feb\,sec 2 feb 

Revision 1 
28 February 1991 

Page 2 49 



39-86,41-86,32-87, and 29-87 had PCE concentrations above detection limlt Historical sporadic occurrences 

of PCE in unweathered sandstone (wells 40-86, 18-87, and 20-87) also may indicate more extenstve 

contamination than implied by second quarter 1989 data alone 

* 
The distribution of TCE (Figure 2-1 1) indicates that all three RI areas are sources of this volatile organic TCE 

in wells 1-71 , 2-71.14-87, and 15-87 suggests the upgradient 903 Drum Storage Site, and possibly Trench T-2 

and the Reactive Metal Destruction Site, as potential sources SimHarly, TCE In wells 1-74, 17-87, and 35-86 

suggests the Mound Area as a source, and TCE downgradient of Trenches T-3 and T 4  also indicates these 

East Trenches as potential sources Well 36-87 within the latter area exhlblted the highest concentration 

(12*OOo 

The 1987-89 data are consistent with results shown in Figure 2-1 1, exhibiting detectable TCE in nearly all 

samplings of the wells listed above Furthermore, four wells which were not explicitly listed for 1969 did contain 

TCE at several previous samplings (3986, 32-87, 1 1-87, and 12-87) ldated occurrences of TCE, together 

with the PCE data for unweathered sandstone wells 40-86,18-87, and 20-87, suggest that even these bedrock 

units may be contaminated by volatile organics 

Other Volatile Orar nlc ComDoundg 

I 
I 

Indication of other volatile organic contamination in ground water by second quarter 1989 data are confirmed 

by the more comprehenslve 1987-89 results Vinyl chloride was present during sb sampling events at well 35- 

86 northwest of the Mound Area in concentrations between 400 and 1 ,OOO pg/t 1 ,ldicMoroethene (1 ,l-DCE) 

appeared consistently in wells 35-86 and 1-71, and occasionally in wells 2-71 , 1-74, and 36-87 The highest 

1,l -DCE result was 1,044 pg/P in well 36-87 1,l dichloroethane (1,l -DCA) appeared as frequently but In lower 

concentrations than 1 , l  -DCE in wells 35-86 and 2-71 

Chloroform (CHCI,) occurred in the majority of samples from wells 42-86, 15-87,17-87,2-71, 11-87,14-87, and 

36-87, commonly in association with other volatite organics The CHCI, concentrations were typically over 100 

pg/t, and reached as high as 5,427 pg/L in 36-87 CHCI, is also reported in two unweathered sandstone 
wells, 28-87 and 30-87, but these are isolated instances at low concentrations In the absence of other organics 

Additional data are required to assess the signlficance of these values 

Two wells at OU No 2 contained 1 1,l -TCA at times in the past (1 1-87 and 36-87) The highest concentration 
was 1,472 pg/i at 36-87 1 a 
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Methylene chloride and acetone were 119 and 38 pgj t ,  respectively, at well 36-87 The relatively high 

concentration of these constituents, together with their association with several other organics in well 36-67, 

suggest that they are ground-water contaminants in the sandstone unit However, in other upgradient or 

surrounding wells, numerous other reports of methylene chloride and acetone are associated with their 
occurrence in laboratory blanks, and/or their concentrations are very near the detection l imb Such 

condltions apply to samples from wells 41-86, 1787, 27-87, 32-87, 35-86, 2-71, 1447,2047, and 31-87, and 

do not rellably indicate ground-water contamination with these vdatles Further sampling and analysis is 

necessary to resolve if methylene chloride and acetone are present at well 36-87 

' 

2 3 3 2 Inomanic Conta mination 

Maior long 

Major ions and total dissdved sdMs (TDS) are somewhat elevated above background throughout and 

downgradient of the 903 Pad, Mound, and East Trenches Areas (Tables 2-12A and 2-13A through F) Tables 

12A through C tabulate inorganic, dissolved metal, and dissdved radiochemistry concentrations, respecthrdy, 

that exceeded background values in ground water during the second quarter of 1989 Tables 13A through F, 

14A through F, and 15A through F list the maxima and frequency of inorganic, dissolved metal and dissolved 

radiochemistry concentrations, respectively, exceeding background values in ground water detected during 

sampling in 1987 through 1989 Background hgures presented for comparison (Tables 2-12A and 2-13A 

through F) to all previously collected data may not represent background for quarters other than the second 

quarter of 1989 Therefore this table serves as a qualitative comparison only Total dissdved solids typically 

ranged between 400 and 1,000 milligrams per liter (mgll), chloride was generally 30-100 mg/l,  nitrate was 

2-10 mg/P, and most sulfate concentrations were between 10 and 100 mg/P in the second quarter of 1989 

In general, major cations were accordingly elevated The highest concentrations of major ions are in well 29-87 

southeast of the 903 Pad as discussed below, although TDS at the northernmost well (3587) was also elevated 

above background 

0 

Major ions in 29-87, a well completed in colluvium southeast of the 903 Pad, were notably higher than other 

shallow ground-water wells upgradient and closer to the 903 Pad (Table 12) (TDS - 3,219 mg/l, chlorkle - 
819 mg/P, sulfate - 891 mg/P, calcium - 279 mg/t, sodium - 353 mg/t, and magnesium - 105 mg/L ) The 

conditions at well 29-87 suggest that the ground-water chemistry there may be strongly influenced by 

evaporation and associated accumulation of salts It may be, in effect, in a "saline seep' zone (Miller, et al , 

1980) The South Interceptor Drtch is very close to well 29-87, when it recharges local ground water It carries 
SID salts (in relatively dilute form) and mobilizes salts as rt passes through soils (typical regional solls have not 

been leached of all naturally occurring salts) Subsequent repetitwe seasonal evaporation of ground water at @ 
Final Phase 11 RFI/RI Work Plan (Nluvlal) 903 Pad Mound and East Trenches Areas 
Rocky Rats Plant Golden Colorado Revision 1 
eg&g\ 903pad\ou2 ph2\feb\sec 2 feb I 

28 February 1991 
Page 2 51 



: e  

:? 

a a  zz  

a a  z z  

W 

m ul 

m m  Q n  

h* 

O m  

V* 
o m  

I ,  , I  

8 .  
1 -  I "  0 c 

an 
: 0  
I *  

W 

.) 
*I 

- 
c n 

N 

m m 

111111 111 Ln rr 4 4 

, A  I I .  

Rnal Rwr I RFl/RI work Plan (Alluvial) 903 Pad Mound and East Trendms k.u 
Rocky R n t  Goldon Cobrdo Fbvluon 1 
.sd&ooP.d\ou2-pt12\hb\uc-2kb 

28 hkuuy 1991 
-252  I I 



c.l c. 

* m 
n 

O 
Y) *I 

w 

N 

0 

m 
0 

Y) 

2 

P 

z 

m ” 
0 

z 
N 

m 
0 

3 

B 

L m  n mn 
N 

8 m * 

Y) 

f 

0 W 

“ 
0 *I 

W 
m 
n 

2 
0 

g 

m n “ 

m 
W 

VI 
0 

?? 
VI “ W  

I. 
m r  

I nn 

aaaa 
Z Z Z Z  

3 
N 

90 

o- 
*W 

.I ! 

I .  

C 

0 
‘ 2  p: 0 

‘ 
I ?  
8 .  

,“ t r  
I N  

. I  n ,  
CI I C  0 I -  

,. 
‘ 2  
! O  

. I  

I 
bl W I  

ne * O  

on -- :P 

aaaa ro 
Z Z Z Z  I Z  

Y) 

0, 

, I  

in I IO I Z  

O ,  

O :? 
I ,  I ,  

! e  i 
m 4 m 
0 0 1  

“ I ?  
7 
N 0 

Y) x 

3 
CNlO ..INN I # e  

# .  

’ 2  3 W 
I O  - 

in I ?  

Rnal mu. W Rfl/RI Work Plan (Alluvial) 903 Pad Mound and Eut Trencher kur 
Rocky Rata Rant Golden blor8do 
eg&g\903pad\ou2-ph2\teb\sec-2 k b  

Fwiuon 1 



I ,  
I N  10 I 

U 
1 0  

m o m  
-Ne  

h e m  000  

m m o  
NON 

A A A A A 

Find phw I1 W/RI wwk Pian (Alluvial) 903 Pad Mound and Eut Trencher k.u 
Rocky Rem Phnt Golden Colorado 
cg&g\903pad\ou2 ph2\teb\sec 2 tcb 

M u o n  1 



Y 

L - 
Y U 

Y e P 

I . I  

0 1  
w :  
O :  

, 
0 

o 
\ 0 

a 

N 0” . 
WR 0- 

N n 
N. 
N e-  

N 0- -- “N 0 -  

I 
N\ .- mn, 

# 
x w  Pt 

o m  . .  
0 0  

P 4  

c p .. 
Y -c  

t o  
a 
c c  -. CI 

u n  
e c  

ti: 
,I U 

a -  n . 
0 Pn e .  

b *  O *  .- Y 

na 
am 
Y 

0. L O  

0 \ a a  2 2  

a a  z z  P I  

0 I C  

= ,  

U 
Pl 
r( 

I Ow. 

an 
0. 

U r n  o c  2- 
c 

? f  - 
a 

ao . c o  

O m  

no  

ao > 
0. u 
0 N  0 

* 
Y E: 

ik 

L e s  - 0  

!: 
n e  

nw. e+ Ne 

d 
m e  e >  
. O  L O  

” 
E U  
o c  u o  

End Phase II  RFI/RI Work Pian (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Flats Plant Golden Colorado Revision 1 
eg&g\903pad\ou2 ph2\feb\sec 2 feb 

28 February 1Wl 
Page 2 55 



n 

0 
'p 
4 
I a 
k 
0 

1 
I a 

si 
0 
4J a 
I 
0 

a 
0 

ff 
? 

e 
U a 

P & 
a 
0 
4 
m 

9 

z ;  
h 

e 
4 

W 
4 
1 w 

a 

. 
0, 0 

0 

n 
o n  m .  
a m  

- * n  
0 0 0  
N.. 

7 -  

u o  - s  

" \ 
0 

01 o m  

a . 0 

Rnrl Phase II RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trmncher Armas 
f3ocky flats Plant Golden Colorado 
eg&g\9lNpad\ouP ph2\feb\sec 2 feb 

fwiston 1 



Y U 

I e 0 

3 0 c . 
Q 
'b 
4 
(I a 
k u 

Q 
4 
Q 
w 
d 
1 
v1 

-4 
-4 

P 

I 
I 
1 , 

81 

e :  

AMI ph.w H RFI/RI Work Plan (AJlunal) 903 Pad Mound and East Tronchor h r  
Rocky Fkb Plant Golden Colorado 
og&g\903p.d\ou2 phZ\teb\wc 2 h b  

Roviuon 1 

4 
- e  
L U  8 %  
e -  .. 
L L  a m  

I ,  

9- 

E 
e 

8 

0 

0 .  

Y *  
L e  

e .  E >  

n 

o a  n- 

28 Fobruuy 1991 
Page 2 57 



cr 

P 

a 
Y 

H & 
a 
0 
.* m 

a 
Y a 

1 & 

4 a u 

, 

8i 
0 
U a ccc 
rl 
1 
96 

. * 

a a a  
Z L Z  

*m . 
nr 

2t 
n e  

C 

NI 
W. -01 

c U 

E$ x u  

Pe 

- 0  
C C  

“ m  

Rnal phur II RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Rats Plant Golden Colorado Revision 1 
eg&g\903pad\ou2 phZ\feb\-c 2 feb 

a P .  
. f  
Y c  
L O  0 .  .- 
a0 

m e  
w e  I U  

U 
C Y  
O C  Y O  

P ”  

f f 
;i 
a ,  

28 Februuy 1991 
Pwe 2-58 



: I  M 

Y) I .  
. I  L, 

A I  

* 
w e  

b e  0 ,  

e-  E O  

e a  *- 

* 
- e  
I *  
A.  -s .a 

L 0 .  

L e a  - 0  

E: 
* e  
u o  
e w  
- e  
O Y  
r L  - 0  

0 .  
I L  

-0  

1 3  

* L  
m m  L U  

)n 

e a  m e  
c >  
. O  L O  

U c u  

L L  

final Phau II RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenchos koas 
Rocky flats Plant Golden Colorado 
egkg\903pad\ou2 phZ\teb\sec 2 feb 

Ravision 1 
28 Fobruary 1091 

Pago 2 59 



a 
U a 

p* 
a 
0 
4 m 

, 

21 
V I  

r N  
W L ,  a- . 
Y C  C .  

. a  .. L- 

I .  

n o  -- 
a a 
-4 

k 
0 

9 - . 
0 

n 
.J 

c c  O D  
- 0  
* L  
U D  .a 

iP 
” 
\ 
0 

I 

2 NI 
a -\ 

I .  

ai . 
a 

0 .  .a 

L .  o w  

a0 

-- 
e- 

- I  . .  
0 0  Y 

P 4  
, I  

I 

! 
y1 n c  . 
n- 

L 
0 .  -.I e 

Q 
4 
& 
0 
d 
CI 
0 

L .I - 0  

B: 
VI. 

Y O  

.U -. 
U -  
r L  - 0  .. 
a L  

-* 
I O  

YIL  
Y I m  2 1  

8 a 

cw 
. O  L P  

U L U  O C  

0 

L O  

mw 

u !  

il b -  

m u  p 
0 ,  

Y 

I 
n . 
H 

. I  

d 
d : 

Find h.w It RFI/RI Work Pl8n (Alluvial) 903 P8d Mound and E8st Trenches Areas 
Rocky Rats Plant Golden Colorado 
eg&g\903pad\ou2 phl\feb\sec 2 teb 

Fbvision 1 



. I  no 

:: 
10 

Nr) 

m- . 
e I 

4 I 

4 :  
o m  no 

m m  o. w. 

, 
0 

a 

L 03 

U 

a 
I 

0 
U S  - w  

r. - I  

C -  o w  
r. 
Y 
U L  . O  

8 0 0  
Y 

c t :  
‘2 
E Y W  

.I L Y  

4 :  

0 N” 

m a  . 
m o  w 
C”  
0% 2: 

N W  

m m  
m 10. 

m o m  N W  
0. e. 
- N  

c 

I 2 m  SN ZN 
4 :  02 02 02 2: 22 

0 0  
a 3: 
2 0 

P 
U L  
c 

f; 
a w  
-n 
0% N 

m w  mm 
~m 

0% 0. 

Nf 
0. P N o= 

X w  -m 
” 0 2  0. 

L 

I >  - 0  

0 0  O I  
* Y  L L  

u B  
O I  Z L  

B V  

I D  x o  

OI 
K U 

n e  

- a  

u a  

.I. 
U P  . O  

2’ 
P w d l  

P : I  
$ 1  

Y U  o c  

= c  

i 

I) 

Rnal h a w  II RFI/RI Work Ran (Alluvial) 903 Pad Mound and bot Tronches Areas 
Rodry Rata Plant W e n  Colorado 
eg&g\903pad\ou2 phl\feb\sec 2 feb 

Reviaon 1 



ES: P r  o \  0. s m  

. I  c ( I  N 
N I  0 -  
0 1  0- 

I C  

3 I g i  a 

. e 
r 
n s . 
0 

0 . 
0 

a 

8 1  
8 1  

4 :  
N he - 

0 -  
a- 

. I  m o  * ,  
I 

o m  
*: 

1 0 1  

1 0 1  N I  

N . 
32 FI 

. I  
Q O  N 3: 2: 3e 

0 0 0  

w N s  O h  
0- o\  

N N  4 :  
6 

. I  
w c t  

, 
w o r  
0- 0. 0. 

C ) N -  

n m  N- oc 
N 

O-- (0 

"" e :  
C N  
N- 0- - 

4: 
" I  J l  

'SI 
a l 

e :  P 
Y 3 0 -  0- 0- 

(0 

w 
4 :  

Y U  
O C  L O  

d 
i 

a tK 
H U  

Rnd Phase II RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Flat8 Rant Golden Colorado 
egBq \903pad\ou2 ph2\teb\bctc 2 feb 

Revision 1 



P 
Y 

. 
0 

final ha80 I1 RFI/RI Work Plan (Alluvlal) 903 P8d Mound 8nd East Trenches Areas 
Rocky Flats Plant Golden Colorado 
eg&g\903pad\ou2 ph2\feb\sec 2 feb 

Rovicuon 1 

ma 
0 .  
n . 
0 

a " L 

0 



n 

Rnrl phur II RFI/RI Work Plan (Alluvial) 
Rocky Rats Plant Golden Colorado 
eg&g\003prd\ou2-ph2\feb\a0c 2 teb 

* V  
c c  
- n  

303 Pad Mound and East Trenches Areas 
Rsvision 1 

0 

N * . c 

z 
0 

03 a 
U U  -. 
- 8  

C O  0 0  
r .  
U 
U .  
8 8  
" I  8 -  

s o  
c 

nm 

t :  
- 0  

n 
U C  

8 ,  

3 W  
a 

8 

L 
o 



t o 1  0. 
n 

XE 

SS 
01 
n . 

O W  ". 
0 

0 

0- 
w m  

t 
NO, 0. 

N 

" 
NO, 0. N 

om 
- m  0- 

2% 
an 

nr 
n 0- 

w 

g 
iE 

N 0 -. 
Y)N 

NN 0- N 

h N  

t Z  " 

?IZ 
N 

N 0 

C. NN 

h N  

0: 

h N  n\ -N 

ON ". N 

* 
f Z  
"8  
iE 
K W  

I 

Fmal Phase I1 RFI/RI Work Plan (Alluvial) 903 Pad Mound and Easi Trenches Areas 
Rocky Fiats Plant Golden Colorado 
eg&g\903pad\ou2 ph2\feb\rec 2 k b  

Rsvislon 1 

z- Y 

- 0  1 c  

- 0  .L 

O r  
. U  Y .  . .> u o  

0 .  

urn 

u n  

mn 

a *  
I 3  . 
cc 
- 0  

c 

a -  
E 

-" . 
c 

e o  

. 
0 .. 

U .u 

on 

E 



LI . 
c 

f 
LI 

I 01 p I t :  

* I  01 

Y I ai 

m 
n- " 

Final mar I1 RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Rats Plant Golden Colorado Revision 1 
eoBg\903pad\ou2 ph2\feb\sec 2 teb 

. 
0 



u 

U 

Q 

a 

0 
-2 
0- 

- V  
% 0- 0 

N 

0- 
mf - 8  

0 '  

I 
I I 

N l  * c m w  

N W o  
. - 1  

ir 
I ,  

I 

I 
I , 

- I  
m ,  

final Ph.w II RFI/RI Work Plan (Alluvial) 903 Pad Mound, and East Trencher Areas 
Rocky Rats Plant Golden Color8do Fbvirlon 1 
eg&g\QQ3pad\ou2 ph2\lrb\seo2 fob 

28 Februuy 1991 
Page 2-67 



II 3 c( 

0 
0 

4 
4 : 

, 

Fmal Phase II RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Rats Plant Golden Colorado 
eg&g\903pad ou2 ph2\feb\sec 2 feb 

Fbvision 1 
28 February 1991 

Page 288 



C 

c 

I U 

n 

v 
L 
W 

a 

I 

0 0  L C  

0 ,  

A I  

Final Phase I I  RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Rats Plant Golden Colorado Fbvision 1 
eg&$\903pad\olr2 ph2\teb\sec 2 feb 

28 February 1991 
Page 249 



ON . UbR 

C 

Y 
v 
Y 

0 

- 

0 4 

c c  O D  

I 

h O  N. I ,  w 
0 I w. Ub\ 
h l  r(N Nr, nn 

I 

Rnal FJhw II RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Flats Plant Golden Colorado 
eg&g\903pad\ou2 ph2\feb\sec 2 feb 

bvirion 1 

0 0  Z C  

- 
c 
c c  
-. 
- s  
.a 
8 -  
L 
0 .  * e  

a m  

L . a  - 0  

a b  n. 
Y O  

P' 

S0 - e  

+ n  
V I  - L  - 0  

a.  
. IL 

-0 

I D  

LllL 

t r  . m m  

n . 
. O  L O  
f : 

v C U  o c  Y O  

W 

I!  L -  

m =  

n t  

t i  

20 Fekuwy 1991 
Page 2 70 



f 
c 

n 0 

, \ 
85 

Y 

e Y 

W 
e 

82 
r U  .ha 0- 
Y C  C .  

:* 

n e  
. e  
L c  

I .  

c 9 

Final Phase II  RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Flats Plan! Golden Colorado 
eg&g\903pad\ou2 phZ\kb\sec 2 fob 

Revision 1 
28 February 1991 

PSQe 2 71 



f - 
Y u 

Y 
8 P 

i m  
! O  8 N - 

\ 

C W  
n 

-w 
N\ N f !!e 

N 

a 

(I 

i w e- n- 

(I 
I a 
r( a 

Fmal Phase II  RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenchrs Arras 
Rocky Rats Plant Golden Colorado Revimon 1 
eg&g'\903pad\ou2 ph2\feb\sec 2 fob 



@ 
this location would cause accumulation of salts in the local soils, forming a saline resew8 which would 

chemically alter the local ground water Other upslope, non-saline ground-water sources could have the Same 

effect 

In general, this evaporattve concentration effect may explain the elevated TDS southeast of the 903 Pad where 

surface seeps are abundant, and evaporative mineral deposits in the soils are likely This ts discussed further 

in Section 2 3 8 

Metala 

In the second quarter 1989 data for all the wells at the 903 Pad, Mound and East Trenches Areas, all of the 

dissolved metals except beryllium, cadmium, cobalt (Co), cesium, and thallium (TI) exceeded background, and 

all the wells had some subset of these metals occurring above background concentrations (Table 2-128) 

When multiple samplings are accounted for (Table 2-14A through F), it becomes more apparent that only a 

subset of the analytes repeatedly exceed background and/or exceed background by a wlde margin 

Barium and strontium (Sr) exceeded background more consistently than all of the other trace metals, with 

maximum concentrations of 0 93 mg/P and 7 7 mg/P, respectively (both in well 14-87)FaMe 2-14E) The 

relatively unrform concentrations of barium (0 1-0 2 mg/t) may indicate that the solubility of barium sulfate is 

controlling the barium concentration Equilibrium control of barium is typical for natural waters (Hem, 1985), 

and the observed barium and sulfate concentrations are consistent with the barium sulfate solubility product 
I of 10 lo (Sillen and Martel, 1964) Similarly, strontium may be controlled by the solubility of a strontium sulfate 

mineral in waters where strontium is sufficiently high (Hem, 1985) I 

Several other trace metals less consistently (wah respect to time) and less ubiquitously occurred above 

background In many 

instances these elements occur at low concentrations near background so that geochemical phenomena, e g 

adsorption on oxides, ion exchange, and/or biological activity, may control their concentration more so than 

contaminant releases from sources (lf they exist) There are no absolute criteria with which to define such 
thresholds, but the following discussion focuses on wells which repeatedly exhibit unusually high metal 

concentrations and/or concentrations consistently above background Table 2-1 4A through F provides the 
maximum metal concentrations and their frequency of occurrence above background 

These include copper, iron, molybdenum, nickel, selenium, vanadium, and zinc 

In the 903 Pad Area, well 29-87 has generally consistent above-background concentrations of copper, nickel, 

zinc, and selenium Well 62-86 is noteworthy because of consistently elevated chromium (alben low 

concentrations), and well 2-71 is noted for consistently elevated but low concentrations of selenium In the 

Mound Area, well 17-87 has high concentrations of copper, nickel and zinc In the East Trenches Area, well 

0 
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42-86 has high iron and manganese, well 32-87 has high copper, nickel and zinc, and well 3-74 has high iron 

and zinc In general, antimony, lead, lithium, silver (Ag), mercury, and cobalt exceeded background 

infrequently and by a very small margin in ground water at the 903 Pad, Mound, and East Trenches Areas 

@ 

Radionuclides 

All three uranium isotopes were above background at the 903 Pad, Mound and East Trenches Areas in the flrst 

quarter of 1989 ('Tables 15A through F) Other radionuclMes were not present above background in the first 
quarter of 1989, but there were seven earlier samples that contained plutonium and/or americium above 

background Results at wells 15-87 and 11-87 were the most elevated (plutonium - 0 522 f 0 117 pCi/t and 

0 199 f 0 07 pCi/P, respectively, amencium - 0 831 f 0 148 pCi/l and 0 06 f 0 05 pCi/l, respectively) 

Several results showed strontium-89,90 and tritium slightly above background, but these radionuclides were 

not reported for most of the samples and detection limits were commonly above background Cesium-1 37 was 

not reported The data for these three radionuclides are inadequate to assess contamination 

Several wells within or downgradient of the 903 Pad Area exhibit uranium-238 in excess of background, with 

a maximum of 28 f 2 pCi/P at well 12-87 (in weathered sandstone) Other wells in the 903 Pad Area, 2-71 

(in Rocky Flats Alluvium) and 29-87 (in colluvium), showed elevated uranium concentrations in the majority of 

samplings Uranium concentrations in downgradient wells 62-86 and 14-87 (in weathered sandstone) and in 

1-71 (inferred to be in weathered claystone) are lower than at well 1287, but they are nevertheless above 

background Therefore, the downgradient limit of uranium contamination at the 903 Pad Area is not 

established Wells in unweathered sandstone in the vicinity of the pad (1647,3087, and 45-87) contain slightly 

devated or no uranium-238 above background (maximum concentration was 1 4 pCi/t in well 45-87), 

providing inadequate evldence of radionucllde contamination in unweathered bedrock 

' 0 

Mound Area wells 23-87 (in weathered sandstone) and 17-87 (in Rocky Flats Alluvium) both contained uranium 

above-background at numerous samplings, whereas wells 1-74 (in weathered claystone) and 35-86 (in valley 

fill alluvium) did not contain above-background uranium Uranium concentrations are only slightly above 

background and therefore do not unequivocally indicate contamination 

Uranium-238 was detected above background in the East Trenches Area in the following wells 25-87 and 

36-87 (in weathered sandstone), and 42-86,32-87,41-86, and 39-86 (in Rocky Flats Alluvium) The only well 

that did not have above background concentrations of uranium in the wcinty of the East Trenches Areas was 

3 74 (in weathered claystone) The areal distribution of uranium in this area is not well characterized 
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2 3 4 Surface Water * 
Twenty-six surface water and surface seep samples in the vicinity of the 903 Pad, Mound, and East Trenches 

Areas were collected during Phase I RI field actMties The following discussion is based on all avaiable data 

because many seeps or stream stations are dry during some sampling events Append& C contains all 

available data from 1986 through 1990 These data have been summarized (Appendix D) and compared to 

ARARs (see Section 7 0 for ARAR identification) because contaminated surface water has been targeted for 

an Interim Measures/lnterrm Remedial Action (IM/IRA) The following discussion makes reference to the tables 

in Appenduc D Total radiochemical and metals data, although presented in the appendbc, are not discussed 

because an assessment methodology that accounts for varying concentrations of suspended solids Is stll 

being developed 

A discussion of surface water chemistry for the 903 Pad, Mound, and East Trenches Areas is also one of 

ground-water chemistry, as several of the surface water samples collected for this investigation are from seeps 

that represent the surfacing of ground water or water from depressions in which runoff accumulates In 

adddion, there is frequent interaction of surface water and ground water in the drainages The seeps and areas 

of ponded water are located downslope and southeast of the 903 Pad Area, or downslope and north of the 

Mound Area and East Trenches Area Surface water flowing in drainages was sampled at stations on the South 

Interceptor Ditch and Woman Creek just upstream of Pond C-2 and at stations upstream of the &series ponds 

on South Walnut Creek The B-series ponds were not sampled for this investigation, as they wlll be 

subsequently investigated as part of another operable unrt Surface water locations are shown on Figure 2-12 

@ 

2 3 4 1  I! dace Wat h f P  

There are several seeps downslope to the southeast of the 903 Pad Surface water stations established at 

these seeps in the 903 Pad b p  Area are designated SW-50, SW-51, SW-52, SW-55, SW-57, SW-58, and SW-77 

Station SW-50 is closest to the 903 Pad, and SW-57 and SW-52 are south of SW-50 SW-51 and SW-58 are 
located in a ddch along the road east of SW-50, however, only overland flow of seepage from SW-50, SW-52, 

and SW-57 will also enter the ditch Water in the dltch passes under the road south of these locations through 

a culvert The discharge of the culvert is SW-55 SW-77, another seep located on the east side of the road, 

IS just north of SW-55 It IS noted, therefore, that SW-51, SW-58, and SW-55 are physically connected and 

likely recewe flow from SW-50, SW-52, and SW-57 Farther downgradient stations include seeps at SW-53, 

SW-62, SW-63, and SW-64, SW-27, SW-30, SW-54, and SW-70 on the SID, and SW-26, SW-28, and SW-29 on 

Woman Creek 
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Data for seeps in the vicinity of the 903 Pad Up SRe Fable D-1) and farther downgradient at SW-53, SW43, 

and SW-64 indicate organic contamination Contaminants in seeps in the vlcinity of the 903 Up Site indude 

1,l -DCE, 1,2dichloroethene (1 ,P-DCE), CCI,, TCE, and PCE with concentrations of CCI, and TCE exceeding 

1 ,OW pg/P 1,2 DCE and TCE are occasionally present at SW-53, low concentrations of CCI, and TCE (c20 

pg/P) occur at SW-63, and low concentrations of TCE occur at SW-64 Methylene chloride also occasionally 

occurs in these seeps, but at concentrations near the detection limit, and also frequently occurs In the 

laboratory blanks Low and very infrequent concentrations of these and other volatiles occur at seep SW-62, 

as well as stations along the South Interceptor Ditch and Woman Creek The data do not provide convincing 

evidence of impacts at these stations, however, the vdatNe organic concentrations in the upgradient seeps 
suggest that a sdvent plume within aliwial ground water is migrating to the southeast, whlch is consistent wlth 

the alluvial ground-water flow direction It is inferred that organic contaminated alluvial ground water 

approaches the South Interceptor Ditch and Woman Creek 

@ 

WRh respect to inorganic and dissolved radionucllde contamination, there are somewhat elevated 

concentrations of TDS, major ions, strontium, zinc, and uranium at most of these stations Surface water at 

stations along the SID (SW-70, SW-30, SW-54, and SW-27) all have somewhat elevated uranium concentrations 

(generally less than 10 pCi/P of total uranium) These concentrations are usually above ARAR (5 pCI/f) 

Although the 903 Pad Area cannot be ruled out as the source of the uranium, the occurrence of elevated 

uranium as far upgradient as SW-70 suggests the 881 Hillside Area as a potential source Alluvral ground water 
at the 881 Hillside contains above-background levels of uranium 

@ 
I 

Seeps in the vicinRy of the 903 Pad LIP Site (SW-SO and SW-53), had detectable plutonium and/or americium 

during one event in 1989 The samples contained substantlal suspended solids and were not filtered at the 

time of cdiection Total radiochemistry data do indlcate notably higher plutonium and americium 

concentrations in unfiltered samples than in filtered samples, demonstrating that most of the radionudides are 

in a particulate form Since radionuclide soil contamination is documented in this area, the local soils represent 

the most direct potential source for seep contamination However, there were traces of plutonium and 
americium in a few ground-water samples (highest concentrations at wells 15-87 - 0 522 f 0 117 pCi/L and 

0 031 i 0 148 pCi/O, respectwely), so ground water is also a potential source of radionuclides in seeps, albelt 

a less signdicant one It is noted that plutonium and americium are essentially insduble but minute quantities 

can migrate in colloidal form, and cdloldal-size particles can pass through 0 45 micron filters such as those 

used in the Phase I R1 (PUIS and Barcelona, 1989) 

Regardless of the transport mode, total plutonium concentrations occur above background at station SW-29 

on Woman Creek (range <MDA - 0 315 A 0 115 pCi/O), and dissolved plutonium was just detectable dunng 

one sampling event (0 159 * 0 142 pCi/P) Dissolved plutonium was also just detectable at station SW-70 on 
the SID (0 11 f 0 09 pCi/P), however, the total plutonium concentration was 0 01 1 i 0 057 pCi/O during this 

(I) 
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sampling event, rendering this data questionable The one datum that exists in the remedlal investigation data 

base indicates total plutonium is not above background in Pond E 2  (dissolved radionuclMe data are 

unavailable) 
0 

At the Mound Area, station SW-60 is a corrugated metal pipe discharging South Walnut Creek flow which 

originates to the west of SW-56 (not sampled in 1989) Statmns SW-56 and SW-101 are in a ditch that appears 

to be seepage from the base of the hill to the south The ditch is not part of the main flw of South Walnut 

Creek, as the creek is routed beneath this area by a corrugated metal plpe whlch discharges at SW- Water 

in the ddch eventuaily discharges to South Walnut Creek through a concrete pipe beneath the PSZ fence The 

flow in South Walnut Creek upstream of Pond 8-4 is pnmarily the combined flow from the discharge of these 

culverts and a seep (SW-59) located at the base of the hill to the south and downstream of the culverts The 

seep at SW-59 coincldes with the abandoned waste cdlection pipe (IHSS 142) that joined with the main plant 

waste discharge line prior to 1983, insde the PSZ This combined flow is sampled at SW-61 located at the 

confluence 

- 

The upper reaches of South Walnut Creek as characterized by data for stations SW-56, SW-59, SW-, SW-61 , 
and SW-101 contain CCI,, PCE, and TCE in concentrations in excess of 200 pg/P, with lesser and Infrequent 

concentrations of 1,l -DCE, 1,l -DCA, l,P-DCE, vinyl chlortde, acetone, bromo-dichloromethane, and methylene 

chloride These stations also frequently have above ARAR levels of TDS and uranium The TDS and uranium 

concentrations are typical of the allwlal ground water in the vicinity of the 903 Pad and Mound Areas CCI,, 

PCE, TCE, and elevated zinc are also present in the allwral ground water at the Mound Area 

Stations SW-21 and SW-23 approximately 500 feet farther downstream from the confluence of SW-59, SW-60, 

and SW-61 do not exhibit the upstream contarnination Although only one datum exists for each station, 

(August 1986 sampling), CC1, (9 pg/l) was the only volatile organic detected at SW-21, and volatile organics 

were absent at the further downstream station, SW-23 Although there are no August 1986 data for the 

upstream stations the other results suggest the organics have volatilized or were diluted over this reach 

Further surface water (and ground-water) sampling and analysis will be conducted to better define the extent 

and source of the contamination However, potential sources outside the Mound Area will be investigated as 
another operable unit 
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@ 
2 3 4 3  -ma t the East Trenches AI'- 

Of the two seeps at the East Trenches Areas (SW- and SW-lM), SW-65 has no apparent organic 

contamination, and SW-103 has the constant presence of CCI, at concentrations less than 10 pg/t  Dissolved 

uranium was also above ARAR at SW-65 

Sampling of both surface water and ground water will continue to better define the extent of surface and 

ground-water contamination in this area 

2 3 5  Sediments 

Sediment stations have been established along the Woman Creek and the South Walnut Creek drainages As 

shown on Figure 2-12, stations SED-28, SED-29, and SED-25 are located within the South Interceptor Ditch 

in the Woman Creek drainage SED-30 and SED-31 are seeps on the South Interceptor Ditch berm near 

station SED-29 SED-27 and SED-26 are along Woman Creek just upstream of Pond C-2 Stations SED-1 1 , 
SED-12, and SED-13 are located along South Walnut Creek SED-11 IS the most upgradtent station, SED-12 

IS just upstream of Pond 8-1, and SED-13 is just downstream of Pond 8-5 

Data discussed herein are for samples collected in 1989 and are presented in Appendtx E ' 
2 3 5 1 Woman Creek Drainacre 

Chloromethane was present as SED-29 (SO pg/kg), and CHCI, and TCE were reported at SED31 (18 pg/kg 

and 8 pg/kg, respectively) Several sediment samples contained methylene chloride and acetone at very low 

concentrations These compounds were frequently found in associated blanks SED-30 contained 220 pg/kg 

acetone at one sampling, but acetone was also present in the blank for this sample and was undetected in two 

other sampling events for this station in 1989 Laboratory artifact is suspected for acetone and methylene 

chloride results in this area The only other volatile organic compounds detected in the Woman Creek drainage 

sediment samples were TCE (8 pg/kg) at SED-31 (estimated below detection limits elsewhere) and toluene 

(estimated below detection limit) at SED-29 and SED-30 

Of the metals, beryllium, lithium, silver, and tin (Sn) were notably elevated above background in the sediment 

of the SID and Woman Creek Concentrations of slver are greater than five times the upper limit of the 

background range (as high as 49 1 mg/kg) at stations SED-29, SED-30, and SED-25 Beryllium was not 
detected in the background samples (e 1 1 mg/kg) but occurs at concentrations ranging from 3 8 to 15 0 

mg/kg in all the sediment samples collected from the SID and Woman Creek Although tin was not above 
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background (c22 8 mg/kg) at SED-27, SED-28, and SED-31, It occurred in a range from 364 to 1080 mg/kg 

at stations SED-25, SED-26, SED-29, and SED40 

Plutonium was above background at stations SED-25, SED-26, SED-29, and SED-30, ranging in concentration 

from 0 3 to 3 3 pCi/g Contaminated surface soil from the 903 Pad Area, transported by wind, may be the 

source of this plutonium 

2 3 5 2  -m r k  i 

Limited 1989 data exist for the three sediment stations on South Walnut Creek There are no data for SED-12 

and SED-13, and only vdatiles, metals, and other inorganics data exist for SED-1 1 (Appendy) 

At SED-1 1, CHCI,, CCI,, TCE, PCE, and acetone were present at 10, 52, 17, 39, and 167 pg/kg, respectively 

This is consistent with the data for SW-61 which indicate that these are surface water contaminants 

As in the Woman Creek drainage, beryllium, lithium, silver, and tin are elevated in the sediments at SED-11 

They occurred at concentrations of 2 5, 7 2, 15 0, and 404 mg/kg, respectively Zinc, which is a known 

contaminant of ground water and surface water in this vicinlty, was also notably elevated, occurring at a 

Concentration of 735 rng/kg (the upper lrrnrt of the background tderance interval is 93 mg/kg) 

Sediment samples were taken in October 1989 at stations along South Walnut Creek as well as Woman Creek 

and the SID The resulting data should suffice as confirmatory information regarding the concentrations of 
volatile organics, metals, other inorganics, and radionuclldes in the sediments and will be presented in the 

RFI/RI report For the Phase II RFI/RI, physical characteristics of the sediments (background and 

"downgradient") and the spatlal distribution of the metal concentrations will be examined to assess the 

adequacy of the background sediment geochemical characterization and, thus, whether metals are 

contaminants in the sediments at the 903 Pad, Mound, and East Trenches Areas 

2 3 6 Air 

Results of the continuous radionuclide monrtoring program characterizing the air pathway at the Plant are 

reported in monthly reports and annually in the Annual Environmental Monitonng Reports (e g , Rockwell 

International, 1975 through 1983a, 1984, 1985, 1986b, 1987b, 1Q89d, and EG&G, 199Of) In addition, the air 
pathway was further characterized by the radioecology and airborne pathway study (Rockwell International, 

19869 
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The Radioactive Ambient Air Monitoring Program (RAAMP) consists of 54 high-volume particulate air samplers 

which operate continuously (Figure 2-13) Twenty-six of the 54 samplers are within or directly adjacent to the 

Plant securlty area (on-site samplers) and 14 are located around the property boundary (perimeter samplers) 

An additional 14 samplers are located in neighbonng communities (Figure 2-14) 

The 903 Pad Area is recognized as one principal source of airbome plutonium contamination at the Plant 

(Rockwell International, 1975through 1983a, lSe4,1985,1986b, 1987b, 1989d, and EG&G, 1- Historically, 

the particulate samplers located immediately east, southeast, and northeast of the 903 Pad, Mound, and East 

Trenches Areas have shown the highest plutonium concentrations This findhg is corroborated by the results 

of soil surveys which indicate elevated plutonium concentrations to the east, particularly southeast of the area 

However, the RAAMP has found ambient air samples to be well within applicable DOE guidelines for the 

protection of human health and the environment for all plutonium (Rockwell International, 19896) 

Prior to the Phase I RI activities, personnel trained in industrial hygiene surveyed the 903 Pad Area on March 

25, 1987, the Mound Area on April 23, 1987, and the East Trenches Area on April 8, 1987, for the presence of 

vdatile organics in ambient air The surveys were done with draeger tubes sensitive to PCE and TCE in the 

parts per million range These two compounds were chosen since investigations prior to March 1987 had 

indicated PCE and TCE were the most commonly found contaminants at the 903 Pad, Mound, and East 
Trenches Areas, and they were also found in higher concentrations than other contaminants Air sampling was 
conducted sbc inches above the ground, at numerous point locations throughout the 903 Pad, Mound, and East 

Trenches Areas All values were below detection limits 

0 

Ambient air data analyzed for 1987 do not indicate any unusual effects due to Phase I RI field activities at the 

903 Pad, Mound, and East Trenches Areas An analysis of 1) particulate sampler data from stations near the 

903 Pad, Mound, and East Trenches Areas, and 2) real-time volatile organics monitoring, conducted during 

the summer 1987 field acttvities, indicates that there were no significant releases of plutonium or volatile 

organics due to RI fieid activities These are verified by the absence of radioactive contamination of either 

personnel or equipment associated with 903 Pad, Mound, and East Trenches Areas Phase I RI field activities 

High vdume air samplers were installed and operated for the duration of the Phase I RI borehole and well 

drilling activity at the 903 Pad, Mound, and Trench Areas The samplers were located downwind of each 

drilling site At the conclusion of the daily activity, the filters from the air samplers were removed and analyzed 

for total long l ~ e d  (TLL) alpha actlvity No elevated T U  levels were detected during the Phase I RI 

The RAAMP plutonium data for Plant air sampling stations S-5, S-6, 5-7, S-8, S-9, and perimeter air sampling 

stations S-38, S-39, and S-40 are presented in Table 2-16 for the months of July, August, and September 1987 0 
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The perimeter sampling stations in Table 2-16 were selected because they are in predominantly downwind 

locations from on-site samplers 7,8, and 9 These data cover the period of borehole and well drilling activity 

at 903 Pad, Mound, and East Trenches Areas Based on wind rose data for the Plant, these air sampler data 

have a high probablky to indicate releases resulting from drilling and vehicular activity during this period of 

time 

@ 

The monthly averages for plutonium at the perimeter sampling stations (S-38, S-39, S-40) during the site 

investigation actlvity are not signdicantly higher than the historical averages for the same sampling stations 

The on-site samplers (S-5, Sa,  S-7, S-8, and S-9) have recorded values during she imrestlgath activities below 
the DOEderived concentration gutde (DCG) The RAAMP samplers show no difference in plutonium 

concentrations as a result of the drilling activity during the months of July, August, and September 1987 

2 3 7  Biota 

The biota at the 903 Pad, Mound and East Trenches Area have been previously studied A sunrey was 

conducted for the Final Environmental Impact Statement, Rocky Flats Plant Site (DOE, 1980), and previous 

studies were summarrzed in the Radioecology and Airborne Pathway Data Summary Report (Rockwell 

International, 1986f) The Radioecology and Airborne Pathway Data Summary Report addresses the plutonium 

released from the 903 Drum Storage Site and its effects on the immediate environment Field studies were 

conducted over several years which compared various bidoglcal measurements and pathdogid data between 

ecologically similar study areas of widely varying plutonium levels Soil plutonium concentrations were 

measured, along with biological measurements such as vegetation community structure and blomass, litter 

mass, arthropod community structure and biomass, small mammal species occurrence, population density, 

biomass, reproduction, and physical sue of whde carcasses and organs In addition, pathdogical examination 

of small mammals, including x-ray for skeletal sarcomas, microscopy for lung tumors, and necropsy for general 

pathology and parasite occurrence, were carried out Results of the studies showed no evidence of ecological 

impacts attributable to plutonium Although pathdogical conditions were found in some rodents, there were 

no significant pathological differences between control and plutonium-contaminated areas Other minor 
differences in biological attributes could not be correlated to plutonium levels 

0 

Aquatic studies, conducted by Colorado State Unlversny (CSU), examined phytoplankton, some detritus and 

small zooplankton uptake of plutonium from the B-series hdding ponds This study showed than an "increase 

in trophic-level concentration of plutonium did not occur apparently due to a selectwe mechanism that 

discriminated against plutonium at this level This would result in a decreased potentlal hazard when 
considering the transfer of plutonium through ingestion routes " (Paine, 1980) 

0 
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Other aquatic studies revealed that 77 percent of the plutonium associated W h  crayfish is found in their 

exoskeleton Fish flesh and bone from the A- and C-sew ponds were never above the minimum detectable 

activity for plutonium 

@ 

2.3 8 Summary of Contamination 

The Phase I RI investigations of environmental meda lead to the general conclusions that vdatle organlc and 

radionuclide contamination exists in soils, surface water, ground water, and sediments around several IHSSs 
The distribution and magnitude of the contamination can be better delineated via sampling and analysis 

planned for the Phase II investigation 

Plutonium and americium are the principal radionuclide contaminants In the surface sols at the 903 Pad, 

Mound, and East Trenches Areas exhibiting elevated concentrations, however, conclusive evidence ruling out 
the presence of other radionuclides is not available because of the cornpositing of sol samples during the 

Phase I investigation The majority of the metals In the soil samples were below background levels There 

were infrequent instances where the metals concentrations exceeded background by a factor of two above 

the tolerance intervals Vdatile organic contamination of soils appears to be restricted to the area immediately 

beneath and adjacent to the 903 Pad Vdatiie organics were also detected at the Trench T-2 Site, the East 

Trenches, and the Pallet Bum Site The Mound Area does not appear to have volatile organic soil 

contamination based on the Phase I data 
e 

Trichloroethene, PCE, and CCI, are the principal organic contaminants in surface and ground water Lesser 

concentrations of other organic compounds occur at numerous sampling sites throughout OU No 2 

Plutonium and americium in surface water samples are other apparent Indicators of Plantderked 

contamination 

Several metals and other inorganic constituents (including uranium) are also above background in the 
environmental media, but the data do not permit unambiguous conclusions with regard to contamination The 

uncertainty results in part from the absence of dear concentration gradients and from the limited knowledge 

of the inorganic composnion of waste resources OU No 2, however, there is considerable circumstantial 

discharge zones may be causing accumulatlon of salts (in soils) and associated local changes in water quallty 

Many factors can cause the near-surface, fluctuating water table conditions which are a prerequisite for such 

evaporative concentration Rapid slope changes can be sufficient to induce natural seepage, for example, and 

enhanced flow along relatlvely impermeable rock units can form contact seeps The presence of caliche in 
the vicinity of OU No 2 indicates that long-term evaporation IS a localiy significant hydrogeochemical process 

Also, historical changes in the local hydrological regime can cause relatively rapld satt accumulation by 

I evidence (listed below) that forms the basis for the hypothesis that evaporathre losses at ground-water 

0 
I 
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introducing ground water into soils which have not been previously leached Such "saline seep" formation has 

@ been studied extensively (Miller, et al, 1980) At Rocky Flats, constructed ponds and ditches may have raised 
the water table and caused dissolution of salts from previously unleached or less leached sols The 

circumstantlal evidence for a local evaporative concentrattng process for ground water is as follows 

Most of the elevated elements are not known constituents of the waste sources in OU No 2 

The elevated constituents do not exhibit dear gradients away from known IHSSs, or for that matter, 
clear honzontal or vertical gradients 

The varhbilny in inorganic constituent concentrations is typicaNy very smell, and almost always 
within an order of magnitude 

Some of the major ions do show very pronounced elevation above background, but the highest 
concentrations of inorganic constituents is in a well which is one of the farthest from the IHSSs 
(2987) 

Other parts of the Rocky Flats Plant show similar distributions of major and minor elements and 
locally very high concentrattons of major tons which are not demonstrably derived form IHSSs 
(wells 5-86 and 6-86) The background characterization may not be adequate because the current 
data are based on one quarter of sampling, and the well layout was designed without the specific 
goal of including evaporation-prone zones 

The wells with the high TDS and major ions commonly also have the most elevated metals and 
uranium This raises the possibility that, if the salinity is due to some concentrating process other 
than waste input, some or all of the minor elements may also occur in elevated concentrations 
This is consistent with the observation that the uranium in ground water at the 881 HUlsMe Area is 
of natural origin based on uranium-234/uranium-238 ratios The Plant uses depleted uranium which 
was found to be present only in some surface soils at the 881 Hillside 

No single feature of the data listed above rules out the possibilhy that some or all of these inorganic 

constduents do represent contamination However, when wewed in aggregate, the observations show that it 

is plausible, perhaps probable, that these elevated inorganic constituents do not reftect ContamifUth The 

conceptual model that local concentrations are due to evaporation of shallow ground water generates several 

hypothesis which will be tested in part with existing data, and tested more thoroughly with data from the 

OU No 2 Phase II actlvnies and the ongoing background characterization 

2 4 SITE CONCEPTUAL MODEL 

A site conceptual model was developed based on site physical characteristics and the nature and extent 

of contarnination discussed in Sections 2 1 through 2 3 This model is intended to summarize known and 
suspected sources of contamination, types of contamination, affected medla, contaminant migration pathways, I 0 and environmental receptors It will be used to assist in dentdying sampling needs and potential remedial 

alternatives The site conceptual model is depicted in Figure 2-15 
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2 4 1 Contamimtion Souras and Types e 
Sources of contamination at the 903 Pad, Mound, and East Trenches Areas indude radionuclMeconta~nated 

surface sails (originating at the 903 Pad Area), and subsurface contaminated soil and burled wastes Plutonium 

and amencium are the principal contaminants of the surface sdls VolatRe organics (principally TCE, PCE, and 

CCI,) are the most abundant contaminants of subsurface soils These contamhrants originated from historical 
waste spills and buried wastes The buried wastes also likely contain plutonium, amefkium, and depleted 

uranium, although the available data do not show dear evidence of migration d the constituents into 

surrounding subsurface Sous 

The three principal volatile organic contaminants are all dense, nonaqueous-phase liquids @NAPLs) and 
therefore have the potentiai to collect in pods or in fractures in the bedrock at the bottom of the upper HSU 

If such pools of DNAPLs exist, there is a potential for them to remain as source areas even after the removal 

of other sources 

2 4 2 Releare Mechmirmr 

Radionuclides in surface soils may be released via fugithre dust and wind erosion to the air (Figure 2-16) Once 

in the air, the contaminated dust will either settle on plants, soils, or water There is considerable evtdence 

supporting this release mechanism as plutonium/americium-ntaminated soil exists downwind on and in the 

vicinity of the Rocky Flats Plant There is also potential for these contaminants to enter other media via surface 
runoff, infIltration/percolation, and biotic uptake 

0 

Contaminants in buried waste can directly enter either the air via volatilltatkm, or the ground water via 
infiitration/percolation Groundwater quality data indicate extensive contamination in the upper HSU including 

the allwium, daystone, siltstone, and Sandstone No 1 Contamination can also enter surface water through 

seepage 

There is also potential for contaminants in the upper HSU to impact the lower HSU Contaminated alluvial 

ground water may potentially enter lower sandstones, where they subcrop beneath the colluvium on the valley 

sMe dopes Another potential mechanism of release into the iower HSU is by leakage through the weathered 
and unweathered daystone bedrock downward to a lower sandstone layer This release mechanism is judged 

to have a low probability at this time as a result of the low hydraulic conductMty values reported In the 
unweathered claystone units However, there is a potential for DNAPLs to infiltrate down through fractures in 
the bedrock This would be most likely to occur in depressions or low areas In the bottom surface of the upper 
HSU Although well logs for most pre-1986 wells do not exist, ground-water chemical data and the depth of 0 
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the wells suggest wells may be screened across more than one sandstone unit, thus representing another 

potential mechanism for contaminant release into the lower HSU 

Exposure to radionudMes in surface soils can occur through multiple pathways (Figure 2-16) This figure 

shows all potential pathways, however, the actual pathways of slgniricance will be determined during the risk 

assessment Of primary importance is exposure through direct inhalation d contamkrated dust or by ingestion 

of contaminated sdls An important secondary exposure route Is through ingestion d surface water 

contaminated via runoff 

Exposure to contaminants in surface water can occur through direct ingestion or dermal contact, or by 

consumptlon of vegetation or biota where biotic uptake has occurred 

The primary potentmi pathways for migration of contaminants through ground-water flow to potential receptors 

would be either by seepage to the ground surface or by pumping from water supply wells that tap the affected 

ground water downgradient of the she It should be noted that there are currently no known water supply wells 

which tap affected ground water Other exposure pathways may include contamination of surface water by 

the interaction of surface water and ground water e 
2 4 4  Receptors 

Figure 2-16 summarizes the exposure routes and potential receptor populations via the potential exposure 

pathways described above For each pathway, there are three potential exposure routes ingestion, inhalation, 

and dermal contact Whether the human receptor is a resident or visitor MI be determined during the risk 

assessment Biota may also be present at or downgradient of seep locations The potential for exposure and 

magnitude of risk (Flgure 2-16) will be assessed during the risk assessment 

2 4 5  Summary 

The elements of the site conceptual model described above are shown in Flgures 2-15 and 2-16 These figures 

deptct the potential sources of contamination, mechanisms of contaminant release, exposure pathways, and 

primary receptors The model as pictured is based on an Initial evaluation of available data As additional 
information is obtained, the overall model and speck portions of the model (for example, the lower 

hydrostratigraphic ground-water flow regime) may be refined or expanded to address the lssues of concern 0 
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2 5 SAMPLING AND ANALYSIS REQUIREMENTS FOR REMEDIAL ALTERNATIVES EVALUATION 

The purpose of this section is to preliminarily identify potential remedial technologies which are consistent with 

the available Information regarding contamination at OU No 2 Based on the amliable site information, the 

ground water, and surface water The fdiowing preliminary general remedial response actions have been 

identified for further review and evaluation at this time 

, 
I 

contaminated media or areas for which remedial alternatives will be developed indude wastes, sdl/sediment, 

I 

I Complete or partial removal and treatment d wastes and contaminated rdis 

In situ contaminated sdls treatment 

Ground-water cdiection 

Infiltration and ground-water containment controls 

, in situ ground-water treatment/immobHization 

Ground-water/surface water treatment 

I Treated ground-water/surface water disposal 

0 Additional response actions may be identified, interactively, as the FS proceeds Combinations of the8e 

generai response actions may be appropriate and will be evaluated during the FS Table 2-17 presents these 

generai response actions along with potential component technologies 

As shown in Table 2-18, there are specific requirements that are necessary to evaluate the preliminndly 

identified technologies These data will provide for a thorough comparative evaluation of the technologies with 

respect to implementabflity, effectiveness, and cost, and allow for informed decisions to be made with respect 
to selection of preferred technologies The FSP (Section 5 0)  reflects these information requirements 
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TABLE 2-17 

RESPONSE ACTIONS AND REMEDIAL TECHNOLOGIES 

-RESPONSE ACTIONQ TYPICAL -TECHNO- 

Complete or Partial Removal and 
Treatment of Contaminated Sdls 

In Situ Contamlnated S d s  Treatment 

Ground-Water Collection 

I 
Infiltration and Ground-Water 
Containment Controls 

In Situ Ground-Water Treatment/ 
~ @ Immobilization 

Ground-Water/Surface Water 
Treatment 

Off-Site Landfill 
OnSite Treatment'/BaCMYI 

ImmoMllzatbn (cementationandvMficatbn) 
son flushing 
Vapor Extractbn/Stearn Strlppkrg 
Bioredamatkn 

well Array 
Subsurface Drains 

capping 
Subsurface Barriers 

ImmobYization 
Aeration 
Bioredarnation 

Biological Treatment 
UV/Peroxlde or UV/Ozone 
Air Stripping 
CarbonAdsorption 
ion Exchange 
Electrodialysis 
Coagulation/FMration 

Thermal Treatment, Solvent Extraction, Immobilization (Cementation and Vltrlficatkm), Attrition Scrubbing 
for RadionuclMe Decontamination 
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3 0  

PHASE II RFI/RI WORK PIAN DATA QUAUM OBJECTIVES 

The primary objective of a RFI/RI is to collect the data necessary to determine the nature, distribution, and 

migration pathways of contaminants The RI also supports the evaluation of remedial alternatives (EPA, 1987a) 

The flve general goals of a RFI/RI are 

1) Characterize site physical features 

2) Define contaminant sources 

3) 

4) 

5) 

Determine the nature and extent of contamination 

Describe contaminant fate and transport 

Provide a baseline risk assessment (EPA, 1988a) 

Data qualtty objectives (DQOs) are qualitative and quantitative statements which specify the quality and quantity 

of data collection required by the RI (EPA, 1987a) Through application of the DO0 process, slte-specific RlFS 
goals are established, and data needs are identified for achieving those goals This section of the RFI/RI Work 

Plan rewews conclusions from the Phase I RI as a basis for Phase I1 RFI/RI objective and identifies data needs 

to meet the outlined objectives a 
3 1 SITE SPECIFIC RFI/RI DQO PROCESS 

a 

Through application of the DQOs process, site-specific RFT/RI DQOs are established, and data needs are 

identrfied for achieving ldentified goals DQOs are qualitatwe and quantitative statements that describe the 

quality and quantity of data required by the RFI/RI (EPA, 1987a) These determinations are facilitated through 

the development of DQOs 

DQOs are developed using the following three-stage process 

0 STAGE 1 - Identify decision types 

ldentify and involve data users 

evaluate available data 

develop conceptual model 

specify objectives/decisions 
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0 STAGE 2 - ldenttfy data uses and needs 

identify data uses 

Mentify data types 

- identify data quality needs 

Mentify data quantity needs 

evaluate sampling/analysis options 

review Precision, Accuracy, Representatives, Comparability, and Completeness (PARE) 
parameters 

0 STAGE 3 - Design data cdlection programs 

assemble data collection components 

develop data cdlection documentation 

The three stages are implemented for each phase of the RFI/RI The DQO stages are undertaken In an 

interactive and iterative manner whereby all the elements of the DQO process are continually being reviewed 

and applied during the execution of the data cdlection activities Throughout the RFI/RI, these stages occur 

in a natural progression and flow together without a formal stage delineation It may not be possible to identify 

all data needs during the RFI/RI actlvity Data needs will become more apparent as additional data are 

obtained and evaluated 

@ 

a 

3 2 PHASE I RI CONCLUSIONS 

Several investigations have been conducted in the vicinlty of the 903 Pad, Mound, and East Trenches Areas 

to date as discussed in Sections 1 0 and 2 0 General conclusions from these investigations are as follows 

0 Surficial materlals in the area consist of Rocky Flats Alluvium, colluvium, and valley fill alluvlum 

0 Bedrock beneath surficial materials consists of Arapahoe Formation claystones and sandstones 
that dip slightly to the east (less than two degrees) Bedrock materials are weathered below 
the base of surficial materials 

0 The extent of Arapahoe Formation sandstones beneath these areas was not fully characterized 
during the Phase I RI because of the complex depositional pattern 

0 Unconfined ground-water flow within the upper HSU occurs in surficial materials, subcropping 
sandstones, and potentially in weathered subcropping claystones The flow system In surficial 
materials is not fully saturated year round Flow in weathered claystones has not been 
sufficiently documented, and flow directions in subcropping sandstones are poorly defined due 
to the complex stratigraphy 
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Confined ground-water flow occurs in deeper sandstones (lower HSU) The flow system is 
poorly defined at this time due to the complex stratigraphy and facies changes 

Ground-water recharge occurs as infiltration of incident precipitation and flow from ditches and 
surface water drainages 

Discharge from the unconfined ground-water flow system occurs as evapotranspiration, seeps, 
and springs at the edge of the Rocky flats pediment, to surface water in Woman Creek and 
South Walnut Creek, and to bedrock sandstones Site contaminants have been identified in 
many of these seeps 

Wastes have been removed from the 903 Drum Storage Site, the Pallet Bum Slte, the 01 Drum 
Pit No 2 Sne, and the Mound Site Wastes remain in place in all eleven trenches within the 
area Further characterization of all potential contaminant sources is warranted 

Boreholes were drilled adjacent to IHSSs in the Phase I RI, and soil samples were collected and 
analyzed for Hazardous Substances List (HSL) organics and metals, radionuclides, and 
inorganics Further characterization of sols beneath IHSSs is needed 

Surficial soils in the area are contaminated with plutonium, americium, and other radionuclides 
due to wind dispersal of particulates during deanup of the 903 Drum Storage Site in the late 
1960s Sol sampling results indicate that these compounds are most enriched near the 
surface, but further investigation of smaller soil intervals is necessary to assess radionudides 
distribution 

The upper HSU contains volatile organic compounds The principal volatile organics present 
are PCE, CCL,, and TCE The extent of these contaminants in both the unconfined and 
confined ground-water flow systems has not been fully determined 

RadionuclMes were elevated in sediment and unfiltered surface water samples collected during 
the Phase I RI Wind dispersal of radionuclldes during cleanup of the 903 Drum Storage Site 
is the likely source of these contaminants, although confirmation of this hypothesis is needed 
There are slight indications of radionuclides in a few ground-water wells (unvalidated) 

Several major and minor elements were elevated above background in soils, ground water, 
surface water, and sediments, but they do not exhibit dear lateral or vertical gradients 

3 3 SITE-SPECIFIC PHASE II RFI/RI OBJECTIVES AND DATA NEEDS 

Based on the Phase I Ri conclusions and the conceptual site model presented in Section 20, site-specific 

Phase II RFI/RI objectives and associated data needs have been developed (Table 3-1) Specific plans for 

obtaining the needed data are presented in Section 5 0 (FSP) 

High quality data will be collected by following the Rocky Flats Plant ER Program Standard Operating 

Procedures (SOP) (EG&G, 19901)~ through adherence to the Rocky Flats Plant ER Program Quality Assurance 

Project Plan (QAPjP) (EG&G, 19901)’ the QAA (Section 9 0), and the General Radiochemistry and Routine 

Analytical Services Protocol (GRRASP) (EG&G, 1990k) Organic and metal analyses will be performed using 
CLP routine analytical sewices (RAS), and other analyses (radionuclides and inorganics) WHI be performed in 
accordance with the GRRASP-specdied methods In addition, analytical methods with detection limits below 
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or near chemical-specific ARARS are presented in Section 7 0  (Table 7-1) and will be used to facilitate 

comparison of resulting data to ARARs TaMe 3-2 explains the required analytical levels referenced in 

Table 3-1 
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TABLE 3-2 

LEVEL OF ANALYSIS 

Required AMlyt id Level T88k 

Level I (Field Screens) 

Level II (Field Analyses) 

Level ill (Laboratory Analyses 
using EPA Standard Methods) 

Level IV (Laboratory Analyses e using EPA CLP Methods) 

Level V (Nonstandard Analyses) 

Water level measurement 
pH measurement 
Eh measurement 
Screening for organics (OVA/HNu) 
Screening for radionuclides (betagamma) 
Temperature 
specific conductance 
G e O p h W  surveys 

Screening for organics (GC) 
Screening for radionuclides (gross 
beta/gross alpha, gamma spec) 
Analysis of engineering properties 

Major ion analysis 
Organics analysis 
Inorganics analysis 

Analysis of Target Compound List (TCL) 
and Target Analyte Ust (TAL) 

Radiological analyses 
Chemical analyses requiring modification 
of standard methods 
Special Analytical Services (SAS) 

Source EPA, (1987a) 

a 
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4 0  

REMEDIAL INVESTIGATION/FEASIBlUTY STUDY TASKS 

4 1 REMEDIAL INVESTIGATION TASKS 

4 1 1 Task 1 - Project Planning 

The project planning task indudes all efforts required to initiate this Phase ll RFI/RI d OU No 2 Acttvttk 

undertaken for this project have included a detaiied review of the Phase I RI resufts as Wew as other previOus 

investigation results, a review of historical aerial photography, a preliminary evaluation of ARARs, and scoping 
of the Phase II RFI/RI Results of these activities are presented in Sections 1 0 (introduction) and 2 0 (Phase 

I RI Site Evaluation) 

During the Phase I RI, a complex depositional pattern was recognized in the bedrock beneath the 903 Pad, 

Mound, and East Trenches Areas A high resolution seismic rdection program is currently being implemented 

to further define the location, extent, and orientation of bedrock sandstone units beneath the area Results of 
this investigation will be evaluated in scoping of the Phase iI RFI/RI (bedrock) for OU No 2 e 
Two project planning documents, induding this Work Plan, have been prepared which pertain to this Phase 

iI RFI/RI as required by the IAG between DOE, EPA, and CDH This Work Pian presents results of the project 

planning task in addnion to plans for the Phase II RFI/RI A Field Sampling Plan (FSP) Is included In this 

document (Section 5 0) which presents the locations, medla, and frequency of sampling efforts The second 
document required by the IAG is a Sampling and Analysis Plan (SAP) The IAG specifies that the SAP is to 

include a QAPjP and SOP for all field activities A draft QAPjP for site-wide RCRA and CERCIA adMties 

(EG&G, 199Oj) was submitted to the regulatory agencies in August 1990 A GRRASP (EG&G, 1-k) has also 

been prepared which is the scope of work for analytical setvices The current Rocky flats Plant SOPS were 

submitted to EPA and CDH in August 1990 (EG&G, 19901) A Health and Safety Plan (HSP) defining the 

protocol for protection of field workers during Phase II operations will be submitted as well The HSP will be 

based on the Health and Safety Program Pian cuhently being finalized based on comments from €PA and 

CDH 

4 1 2 Task 2 - Community Relations 

In accordance with the draft IAG, the Rocky Flats Plant is developing a Community Relations Plan (CRP) to I 0 inform and actwely involve the public in decision making regarding environmental restoration activities The 

pian will address the needs and concerns of the surrounding communities as tdentlfied through approximately 
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80 interviews with federal, state, and local elected officials, businesses, medical professionals, educational 

representatives, interest groups, media, and resldents adjacent to the Plant 

The draft CRP was submltted to EPA and CDH for review in November 1990 in accordance with the draft IAG 

schedules Accordingly, a site-specific CRP IS not required for OU No 2 Following review by EPA and CDH, 
the proposed plan was distributed for public review and comment in January 1991 The proposed CRP is 

scheduled for finalization in August 1991 

During the February 1990 public hearing on the IAG, several commentators requested the development of an 

Interim CRP for implementation until the hnal plan is available in August 1991 A draft Interim Community 

Relations Plan was prepared and implemented in January 1991 pending finalization of the proposed plan 

Current community relations activities concerning environmental restoration include participation by Plant 

representattves in informational workshops, meetings of the Rocky flats Environmental Monitoring Council, 

briefings for citizens, businesses, and surrounding communities on environmental restoration and monitoring 

activities, and public comment meetings on various ER Program plans and actions 

In addition, a Speakers Bureau provides Plant speakers for presentations to civic groups and educational 

organizations, and a public tours program allows the public to vislt the Rocky flats Plant The Plant also 
produces fact sheets and periodic updates on environmental restoration activities for public information and 

responds to numerous public inquiries concerning the Plant 

0 

4 1 3 Taak 3 - Field Investigation 

The Phase I1 RFI/RI field investigation is designed to meet the objectives outlined in Section 3 2 The following 

activrties will be performed as pert of the field investigation 

0 Drill and sample soils and wastes within IHSSs 

Sample surficial soils for radionuclides, and subsurface soils for radionuclides, TCL vdatiles, 
semi-volatiles, pesticides/PCBs, TAL metals, inorganics and soil physical characteristics (e g , 
organic matter ambient, grain size distribution, cation exchange capacity, etc ) 

Install and sample ground-water monitoring wells to characterize the nature and extent of 
ground-water contamination and the hydraulic connection between surficial materials and 
bedrock 

Perform aquifer tests, tracer tests, and geotechnical tests 

Collect surface water and sediment samples 

28 February 1991 
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l lake water level measurements, stream flow measurements, and ground-water quality 
parameters 

I 
Sample locations, frequency, and analyses are presented in Section 5 0 All field act- WYI be performed 

in accordance with the Rocky Flats Plant ER Program SOP (EG&G, 1-i) 

4 1 4 Task 4 - Sampk Arulyais and Data Validation 

Analytical methods for chemical analyses are provided in the GRRASP (EG&G, 19QOk) Also provMed In this 

document are the analytical detection limits 

Data will be reviewed and validated by the EG&G Environmental Monitoring and Aseessment DMslon (EMAD) 
laboratory validation subcontractor Results of data review and validation activities will be documented in data 

validation repons and the RFI/RI report EPA data validation functional guidelines will be used for validating 

organic and inorganic (metals) data (EPA, 1988b) Validation methods for radlochemlstry and major ions data 

have not been published by the EPA, however, data and documentation requirements have been developed 

by the ER Department The functional guidelines which will be used to evaluate analytical data are presented 

in the QAPjP (EG&G, 199Oj) and GRRASP (EG&G, 199Ok) 

I 
I 

@ 4 1 5 Task 5 - Data Evaluation 

Data collected during the Phase I1 RFI/RI will be incorporated into the Rocky Rats Environmental Database 

System (RFEDS) and used to better define site characteristics, source characteristics, the nature and extent 

of contamination, and contaminant migration rates The RFEDS is used to track, store, and retrieve project 

data Data will be Input to the RFEDS VI diskettes subsequent to data validation as outlined In the ER 

Program QAPjP (EG&G, 19901) Hard copy reports will then be generated from the system for data 

interpretation and evaluation 

4 1 5 1 Site Chrncterh tion 

Geologic and hydrologic data will be incorporated into existing site maps and cross-sections Geologic data 
will be used to detail the stratigraphy of surfictal materials and weathered bedrock within source areas and to 

map the extent of paleochannels in the top of bedrock Hydrologic data will be used to evaluate seasonal 

varlations in water levels, ground-water flow, and the extent of saturated surficial materials Also evaluated will 
be hydraulic conductivity, storatwity, ground-water velocity, contaminant migration rates, and the interaction 

between ground water and surface water 
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4 1 5 2 Source C ~ T Q Q  ti n 

Analytical data from source boreholes will be used to 
0 Verlfy IHSS locations 

e Characterize the nature of source contaminants 

e Characterize the lateral and vertical extent of source contaminants 

0 Determine the maximum on-site contaminant concentrations 

e Quantify the volume of source matenals 

At those IHSS locations which are trenches, geologic data from the source boreholes will also determine the 

trench depths and characterize any trench contents 

4 1 6 3 N8ture 8nd nt of COW mi nation 

Analytical data from sou, sediment, ground-water, surface water, and routine air sampling efforts will be used 
to characterize the nature and extent of contamination The criteria for the identification of Contamination will 

be anaiyte-specific For organic compounds, any detectable concentrations in samples that are not attributable 
to laboratory contamination [defined according to CLP Protocol (EPA, 1988b)l will be considered likely 

evidence of contamination Unvalidated data or invalid data will be considered quelltathre estimates of 

contamination only For inorganic compounds (including radionuclides), only those concentrations which 

exceed expected concentrations in background shall constitute evklence of contamination The statistical 

techniques which shall be used to compare concentrations of inorganic compounds collected as part of the 

Phase I1 RFI/Ri to background concentrations are documented in the Background Geochemicel 

Characterization Report (Rockwell International, 1-h) Essential to the implementation of these statistical 

techniques for ground-water and borehole samples is the dassification of each analytical datum according to 

an appropriate geologic unit (such as Rocky flats Alluvium or colluvium) This kfentlfication of the appropriate 

geologic unit will be based on geological data collected during the Phase II RFI/RI Background for inorganic 

analytes will be further characterized and evaluated in the context of the potential role of evaporathre 

concentration as a mechanism for locallzed occurrences of inorganic constituents at high concentrations 

The extent of contamination will be delineated through the use of contaminant isopleths maps and possibly 

cross sections The possibility of using knging to contour the isopleths of the most widely distributed 

contaminants will be investigated with explicit attention to the assumptions required by krlging (Davis, 1986), 
and kriged contours will be generated only if appropriate Investigations to date indicate difficulty in Mentifying 

the source of contamination because of the close proximity of several possible sources The statistical 
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technique of principal component analysis will be investigated as a method of identifying the effects of multiple 

sources The ability to estimate the individual effects of multiple sources at intermediate sampling sites will aid 

in the mapping of plumes and in the understanding of the transport of contaminants by the ground-water flow 

system 

Comparisons of analytical data between ground water and surface water will be made to investigate the 

movement of contaminants from one pathway to another Temporal variations of contaminant mncmtrations 

in ground water and surface water will be evaluated both for seasonality and long-term trends to determine 

contaminant migration rates 

Analytical data from surficial soil scrapes and vertical Soy profiles will be evaluated in order to characterize the 

areal and vertical distribution of plutonium and americium contamination in remedial investigation areas and 

in other Plant areas (buffer zone) to the south and east 

4 1 5 4 Evaluation of Proposed Remedia I Altem8tivm 

The evaluation of proposed remedial alternatives will be based primarily on the information derived for the 

purpose of site and source characterization Geotechnicat data from source borehdes wilt be used to evaluate 

the effecttveness of technologies pertinent to sol remedlation, e g 

Attrition scrubbing 

a Solvent extraction 

Vapor extraction/steam stripping 

a Soil immobilization 

0 Soil flushing/bioredamation 

0 In situ vitrification 

a Capping/subsurface barners 

A baseline risk assessment will be prepared for the 903 Pad, Mound, and East Trenches Areas as part of the 

Phase II RFI/RI to evaluate the potential threat to the public health and the environment in the absence of 

remedial action The baseline risk assessment will provide the basis for determining whether or not remedial 
action is necessary in the area and will serve as the justification for performing remedial action (EPA, 1988a) 

The risk assessment will assume no institutional controls 
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Several objectives wUl be accomplished under the risk assessment task induding klentification and 
characterization of the foliowing (EPA, 1988e) 0 

Toxicity and levels of hezerdous substances present in relevant media (e g , air, ground water, 
soil, surface water, sediment, and Mota) 

0 Environmental fate and transport mechanisms within specific environmental media and cross- 
media fate and transport where appropriate 

0 Potential human and environmental receptors 

e Potential exposure routes and extent of actual or expected exposure 

0 Extent of expected impact or threat, and the likelihood d such impect or threat occurring (e g , 
risk characterization) 

0 Level($) of uncertainty associated with the above 

The pubiic health risk assessment and the environmental evaluation will be performed in accordance with EPA 

and Other guidance documents listed in Table 4-1 The risk assessment will address the potential public h d t h  

and environmental impacts associated with the site under the no-action alternative (no remedial action taken) 

This assessment will aM in the selection of site remedies based on the contaminants of concern and the 

enwronmental media associated with potentiai risks to pubiic health and the environment 

I 4 1 6 1 Public Hulth Evrlur tion 

I The risk assessment process is divkled into five tasks (EPA, l-), induding 

e Data collection/contaminant Mentification 

0 Exposure assessment 

Toxicity assessment 

0 Risk characterization 

e Analysis of uncertainties 

The task objectives and description of work for each task are described below 

Data Co Ilection/Conta mimnt Identification 

0 The objectwe of contaminant ldentlficatton IS to screen the information that Is available on hazardous 

I substances or wastes present at the site and to Identify contaminants for the risk assessment process 
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TABLE 4-1 

EPA GUIDANCE DOCUMENTS WHICH WILL BE USED 
IN THE RISK ASSESSMENT TASK 

0 CERCIA C a m n c e  W ith Other Laws M a n u  - Office of Emergency and Remedial Response The 
gudance is intended to assist in the selection Os on-site remedial actions that meet the applicable or 
relevant and appropriate requirements (ARARs) of the Resource Conservation and Recovery Act 
(RCRA), Clean Water Act (MA) ,  Safe Drinking Water Act (SOWA), Clean Air Act (CAA) and other 
federal and state environmental laws as required by CERCIA, Section 121 (EPA, 1988d) 

0 € c d w w  A - W r  OQ H-s waste sites. A FieM and worv R m  - ofRC8 Of Solid 
Waste and Emergency Response EPA 600-3/89/013 This report is a field and laboratory reference 
document that provides guidance on designing, implementing, and interpreting ecological assessments 
of hazardous waste sites It Includes sections on ecological endpoints, field sampling design, quality 
assurance, aquatic and terrestrial toxicity and field survey methods, recommended Momarkers, and 
data analysts (EPA, 1989c) 

0 EPAs I- R isk lnformat ion Svstem IRla - office of Research and Development (continuously 
updated) Agency's primary source of chemical-specific toxicity and risk assessment information 
Includes narrative discussion of toxicity database quality and explains derhration of Reference Doses, 
cancer potency factors, other key dose response parameters IRIS presents information that updates 
data originally presented in Exhibits A 4  and A 4  of the SPHEM (see below) Further information IRIS 
Users Support, 513-569-7254 (EPA, 1987b) 

0 EXDOSU re Factors Handboo k - Omce of Research and Development (March 1989), EPA/600/889/043 
Provides statistical data on the various factors used in assessing exposure, recommends specific 
default values to be used when site-specific data are not available for certain exposure scenarios 
Further information Exposure Methods Branch, 202-382-5988 (EPA, 1989e) 

0 f R C I  n f r  i A -officeof 
Emergency and Remedial Response EA4/540/G-89/004 This guidance document is a revision of the 
U S EPA's 1985 guidance It describes general procedures for conducting an RI/FS (EPA, 1988a) 

0 Health Fff H - Office d Research and Devdopment/Office 
of Emergency and Remedial Response (updated quarterly) Since the IRIS chemical universe (while 
growing), is currently incomplete, the HEAST has been produced to serve as a "pointef system to 
identify current literature and toxicity information on important non-IRIS chemicals While HEAST data 
in some cases may be "Agency-verified", the Information is consklered valuable for Superfund risk 
assessment purposes Available from Superfund docket, 202-382-3046 (EPA, updated quarterly) 

0 OSWER Directive on So il lnaestion Rates - Omce of Solid Waste and Emergency Response (January 
1989), OSWER Directive +9850 4 Recommends soil ingestion rates for use in risk assessment when 0 

site-specific information is not available Available from Darlene Willams, 202475-9810 (EPA, 1989b) 

0 d w :  Risk Assessment nce f t n M n  I ri i I 
a -- Office of Emergency and Remedial Response (March 1989), EPA/540/1g9/001A Provides 
program guldance to help remedial project managers and on-scene coordinators manage ecological 
assessment at Superfund sites (EPA, 1989d) 
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TABLE 4-1 (Continued) 

EPA GUIDANCE DOCUMENTS WHICH WILL BE USED 
IN THE RISK ASSESSMENT TASK 

e R i s k e m w i t  mce for Superhmd. Huma n Health E-ion Manual Part A. interim FIa -. 
Office of Emergency and Remedial Response This volume provides updated risk amessment 
procedures and policies, specMc equations and variable values for estimating exposure, and a 
hierarchy of toxicity data sources There is an expanded chapter on risk charactetizatlon to help 
summarize information for the decision makers and detalied descriptions of uncertainties in risk 
assessment (EPA, 1989a) 

e wrfund Fxwsure Manua I (SFAM) - Office of Emergency and Remedial Response 
fpfl 1988), EPA/540/1-88/001 Provides a framework for the 888888men1 of expOsW9 to 
contaminants at or migrating from hazardous waste sites Discusses modeling and monitoring* (EPA, 
I-) 

e Superfund Public H@th E m  Ma nual ( S P W  - Office of Emergency and Remedial Res- 
The current program risk assessment guidance manual Explains how to set preliminary remediation 
goals, and evaluate risks of remedial alternatives 

I e Suwrfund Risk Assessment I nformation Directow (RAID) - Office of Emergency and Remedial 
Response (November 1986), EPA/540/1-86/061 Describes sources of information usBhd in conducting 
fisk assessments Currently under revision 

* Available from Center for Environmental Research Information, 51 3-569-7562 

e 
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Previous work characterizing aspects of the Rocky Flats Plant and the surrounding area has been done 

Additional sampling and analysis of various media will take place in order to support the human health risk 

assessment, the ecological assessment, and to further characterize the site For this risk assessment, all 

chemicals detected above background concentrations in sitegssociated media at OU No 2 will be treated as 

site contaminants for the purpose of public health evaluation These lndude 

0 

Chemicals positively identified in one or more samples In a given medium 

0 Chemicals which have been tentatively identlfied and have historically been B8ilocIBted with the 
site or confirmed by special analysis 

The potential transformation products of slte-associated chemicals will be considered to the extent possible 

by the avallabiltty of chemical-specific transformation data and informatkxr regarding Sne-specific environmental 

conditions (e g , potential for biodegradation) 

All chemicals present below background will be eliminated from further consideration In addition, after the 

completion of the exposure assessment, any site contaminants which appear to have no potentlal for exposure 

will not be evaluated All chemicals that are deleted and the rationale for their deletion wHI be discussed 

e 

The objectives of the exposure assessment are to identify actual or potential exposure pathways, to 

characterire potentially exposed populations, and to determine the extent of exposure A conceptual model 

for exposure assessment is shown in Figure 2-16 An exposure pathway is comprised of four elements 

0 A source and mechanism of chemical release to the environment 

An environmental transport medium (e g , air, ground water) for the released constituent 

A point of potential contact of humans or biota with the affected medium (the exposure point) 

An exposure route (e g , inhalation of contaminated dust) at the exposure point 

The exposure assessment process will include the following actions 

Analyze the probable fate and transport of compounds for both the Present and the future Uses 

Identify the human populations in the area, typical actMties that would influence exposure, and 
sensltive population subgroups 

0 Identify potential exposure pathways under current and future land use conditions 
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Develop exposure scenarios for each Identified pathway and select those scenarios that are 
plausible 

identify scenanos assuming both existing and potential future uses 

Identtfy the exposure parameters to be used In assessing the risk for all scenarios 

Develop an estimate of the expected exposure levels from the potential release of contaminants 

Appropriate exposure scenarios will be identified for the site Scenarios which cou(d pot0ntldIy be considered 

indude residential, commercial/industrlal, and/or recreational Factors to be examined in the m y  and 

receptor Mentification process will include 

0 Location of contaminant source 

0 Local topography 

0 Local meteorological data 

0 Local geohydrology/surface water hydrology 

0 Surrounding land use 

0 Local water use 

0 Prediction of contaminant migration 

0 Persistence and mobility of migrating contaminants 

For each migration pathway and for current and future conditions, receptors will be identifted and 

characterized Potential receptors will be defined by the appropriate exposure scenarios 

To assess the potential adverse health effects associated wkh access to the slte, the potential level of human 

exposure to the selected chemicals must be determined Intakes of exposed populations will be calculated 

separately for all appropriate pathways of exposure to chemicals Then for each population-at-rick, the total 

chronic intake by each route of exposure will be calculated by adding the intakes from each pathway Total 

oral, inhalation, and dermal chronic exposures will be estimated separately Chronic daily intakes MI be 
calculated based on the upper 95 percent confidence limit of the exposure data 

In general, chemical intakes will be estimated using available, regm-specific exposure parameters developed 

by the EPA Any deviation from these parameters will be documented and submltted to the regional EPA office 
for approval prior to preparation of the risk assessment 
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in accordance with EPAs risk assessment guidelines, the projected concentrations of chemicals of concern 

at exposure points will be compared with ARARs to judge the degree and extent of risk to public health and 

the environment (including plants, animals, and ecosystems) Because many ARARs do not exist for certain 

media (such as mils) nor are all ARARs necessarily health based, tMs comparison is not sufficient in W to 

satisfy the requirements of the risk assessment process Moreover, receptm may be e>cposed to contaminants 

from more than one medium so that their total doses might exceed risk reference doses (RfDs) and/or might 

result in an excess cancer risk greater than an acceptable target risk, BS defined by €PA (e g , lod to lo4) 
Nevertheless, the comparison with standards and crtteria is useful in defining the exceedarm of institutional 
requirements AskJe from the ARARs discussed in Section 7 0, the following criteria will be examined 

I 

I 

I 
e Drinking water health advisories 

e Amblent water quality crheria for protection of human health 

0 Center for Disease Control and Agency for Toxic Substances and Disease Registry soil 
advisones 

e National Ambient Air Qualhy Standards 

0 Critical toxicity values (eg, numerical values derived from dose-response information for indMduai 

compounds) will be used in conjunction with the intake determinations to characterize risk Toxicity reference 

values from EPAs Integrated Risk Information System (IRIS) will be used in preference to other EPA reference 

values 

A summary of any toxicological studies performed will be provided for all chemicals above background in the 

baseline risk assessment The quality of these studies and their usefulness in estimating human health risks 

will be described A more detailed explanation of the toxic effects of target chemicals will be prwided in the 

appendices to the human health nsk assessment and the environmental evaluation Toxicity reference values 
will also be summarized For the human health risk assessment, this will indude a brief description of the 

studies upon which selected reference values were based, the uncertainty factors used to calculate RfDs, and 

the EPA weight-of-evidence classification for carcinogens For those chemicals without EPA toxicity reference 

values, a literature search, including computer data bases, will be conducted for selected compounds A 

toxicity value wlll then if possible, be derived from this information EPA will be consulted regarding the 

appropriateness of the data and the methodologies to be used in deMng reference values Uncertainties 
regarding the toxicity assessment will be discussed 

0 
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Two types of critical toxicity values will be used 

The risk reference dose (RfD) 

Slope factor (for carcinogenic chemicals only) 

Risk Chmmct- 

Risk characterization invdves integrating exposure assumptions and toxicity information to quantbthrely 

estimate the risk of adverse health effects Risk characterization wlll be performed in accoIc(Bnce with EPA 

guidance 

Non-carcinogenic risk will be evaluated by comparison of contamlnant Intakes at exposure points to chronic 

reference doses for protection of human health Carcinogenic risk will be quantified using cardnogenic 

potency factors Risk will be qualitathrely evaluated for those contaminants for which evaluation is not possible 

The results of the baseline risk assessment will be used to define and evaluate the remedial altemathres during 

the FS 

An uncertainty analysis will be performed to identify and evaluate non-slte and shespecific factors that may 

produce uncertainty in the risk assessment, such as assumptions Inherent in the development of toxicological 

endpoints (potency factors, reference doses) and assumptions consldered in the exposure assessment (model 

input variability, population dynamics) First order or statistical sampling (Monte-Catlo) techniques may be 
employed The goal of this task will be to quantify, to the extent practicable, the magnltude and extent of 

Uncertainty propagated through the risk assessment process The uncertainty analysis MI present the 

spectrum of potential risks under specified scenarios so the risk management decision maker can obtain an 

understanding of the level of confidence associated with all estimates of potential human health risk 

4 1 6 2 Environmental Evaluation 

The EEWP for OU No 2 is presented in Section 6 0 The principal focus of the EEWP is on an environmental 

evaluation methodology which is described in Section 6 2  The basic methodological components are 
addressed in detail The overall purpose of the OU No 2 EE is to document a qualitatbe and, where possible, 

a quant-tive assessment of actual or potential threats of damage to the environment including wildlife and 

vegetation species, habitats, and sensmve ecosystems The EE’s multiple objectives are listed In Section 6 1 3 0 
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The EEWP is based on 

The EPAs mandate under the CERCLA, or Superfund, to protect human health and the 
environment from actual or threatened releases of hazardous substances 

The requirement of the National Contingency Pian (NCP) [300 43O(e)(2)(G)] to perform EEs at 
CERCIA sites in order to assess threats to the environment 

0 The €PA Risk Assessment Guidance for Superfund Vdume I1 Envirmmental Evaluation Manual 
(EPA, 1989a) 

The FFCAO entered into between the DOE, EPA Region VIII, and the State of Colorado, also 
known as the IAG, which requires the DOE to perform environmental response actMties at the 
Rocky Flats Plant that are consistent with the requirements of CERCIA and other applicable 
federal and state laws and regulations 

The EEWP provides a generalued ovetview of the Rocky flats Plant, establishes EE purposes and objectlves, 

details an EE methodology, and identifies specific tasks to be undertaken as part of the EE implementation 

process in order to assess actual or potential ecological consequences of releases of contaminants from the 

903 Pad, Mound, and East Trenches Areas assuming no remedial action Attachment 2 0 of this Work Pian 

contains an FSP which describes a comprehensive program for sampling and analysis of biological resources 

and ecosystems within and near OU No 2 

The EEWP describes the process by which actual and potential environmental risks deriving from existing OU 
0 

No 2 conditions will be assessed, relying in part on data collected during the Phase I RI and Phase II RFI/RI 

When the E M P  is implemented, it will charactenze the levels of toxicity of hazardous substances present in 
the environment, the fate and transport of contaminants, and the actual and potential exposure of contaminants 

to plants and animals The EE approach has much In common with the human health risk assessment in that 

the same basic steps are employed data collection and evaluation, contaminant identification, exposure 

assessment, toxicity assessment, and risk characteritation The process is illustrated in Figure 6-1 of the EEWP 

in Section 6 0 The major guidance document that will be relied upon in implementing the EEWP is the EPA 
Environmental Evaluation Manual (EPA, 1989d) 

Although the principal focus of the EEWP is on the environmental evaluation methodology detaled in Section 

6 2, and the FSP in Attachment 2 0, six specific tasks under which the EE will be organized and performed are 

dentrfied in Section 6 3 These tasks are as follows I 

Task 1 -- Review of Existing Information 

Task 2 -- Data Evaluation and Analysis 
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Task 3 - F a d  Investigations (induding Field Sampling) 

Task 4 - Ecological Risk Assessment 

Task 5 - Environmental Evaluation Report 

Task 6 - Project Management and Documentation 

EE program flexibility will be required as the nature and scope of any patticular task may need to be modtfied 

depending on changes in the existing database, the results of qualitative field surveys, and the data derived 

from the quantitative field sampling and analysis 

The EONP FSP (Attachment 2 0) will be integrated with the OU No 2 Phase II RFl/RI field sampling program 

given in Section 5 0, as well as sampling by the Rocky Rats EMAD The sampling procedures discussed have 

been designed to follow protocols already in place at the Rocky Flats Plant and those recommended by EPA 

and U S Fish and Wildlife Sendce Overall objectives of the FSP are to (1) characterize biological resources 

in order to conduct the ecological impact assessment, and (2) acquire data needed to measure the effects of 

contaminants on ecological systems Detailed sampling program objectives are listed in Section 2 2  of 
Attachment 2 0 ' The FSP will consist of both qualitative field surveys and quantitative field sampling Both programs will 

identify, characterize and assess aquatic ecosystems (periphyton, benthic macroinvertebrates, and fish) and 

terrestrial organisms (grassland vegetation, small mammals, invertebrates, and wetlands) The FSP also 

addresses quality assurance/quality control, sample documentation, equipment calibration and maintenance, 

health and safety, waste management, sample handling and analytical protocols, and statistical analysis and 
procedures 

4 1 7 Tnsk 7 - Troatabiiity Studies/Piiot Testing 

A draft Treatability Studies Plan (TSP) (EG&G, 19901) was prepared and submitted to the regulatory agencies 

in September 1990 in accordance with the draft IAG schedule This document provides comprehensive plans 
for treatability studies designed for remediation of waste sources, soils, and water at all operable units at Rocky 

Flats Plant The Treatabillty Studies Program that IS addressed by the TSP will serve to determine the 

operability, reliability, cost-effectiveness, and overall implementability of technologies that are appropriate for 

the types of contaminants and contaminated medla at the Plant but are not adequately proven 

The Treatability Studies Program will address practical (eg, conventional) technologies and ' a nnovative/emerging technologies The TSP dentdies both practical and innovative technologies that are 
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applicable to the Rocky Rats Plant contamination, screens these technologies to determine candidates for e treatability studies, and provides statements of work for each candldate treatability study Subsequently, work 

plans will be prepared for conduct of the treatability studies The treatabilty studies will then be performed, 

and a Treatability Studies report (draft report due in May 1993) will be prepared The report timing MI allow 

utilization of this information for the OU No 2 CMS/FS report (draft report due November 1993) However, 

the draft iAG schedules for OU No 2 also call for scoping of treatability studies specific to OU No 2 beginning 

in October 1992, with studies completed by June 1993 During the scoping d treatabuity studies, the need 
to acquire additional data on the technologies relevant to OU No 2 will be determined Work plans will 

subsequently be prepared as appropriate Results of treatability studies performed pursuant to the sutface 

water iM/IRA will be evaluated in determining the need to acquire additional data 

The Treatability Studies Program and the OU No 2 treatability studies (for IM/IRA and CMS/FS) will be a 

coordinated effort with common project contrd The staff assigned for project control will also supervise site- 

specific treatability studies for other OUs as well as the Rocky Rats Plant contributions to the DOE office of 

Techndogy Development (OTD) integrated demonstrations and the EPA Supetfund Innovative Technology 

Evaluation (SITE) program For example, the treatability studies project staff are participating in OTDs 

integrated demonstrations of plutonium in soils that is being conducted at the Nevada Test Site Participation 

in the numerous treatability study programs will allow evaluation of all applicable innovative technologies, and 

will 'streamline" each program to avoid duplication of effort @ 
4 1 8 Task 8 - Remedirl lnwrtigation Report 

A draft Phase II RFI/RI Report will be prepared to consolidate and summarize the data obtained during Phase 

I and II RI field work This report will 

0 Describe in detail the field activities which serve as a basis for the RI report This will indude 
any deviations from the work plan which occurred during implementation of the field 
investigation 

Thoroughly discuss site physical conditlons This discussion will indude surface features, 
meteordogy, surface water hydrology, surficial geology, ground-water hydrology, demography 
and land use, and ecdogy 

0 Present site characterization results from all RI investigative activities at OU No 2 in order to 
further characterize the nature and extent of contamination as well as the rate of contaminant 
migration The media to be addressed will include contaminant sources, soils, ground water, 
surface water, air, and biota All relevant quarterly ground-water and surface water sampling 
results will be used in this assessment 

DISCUSS contaminant fate and transport This discussion will indude potentral migration routes, 
contaminant persistence, and contaminant migration 
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0 Present a baseline risk assessment The risk assessment wHI indude human health and 
environmental evaluatms 

I those specific technology processes identified as candidate components of viable remedial action alternatives 
Within this context, preliminary remediation goals will be used to perform the following 

0 Present a summary and conclusions 

4 2 FEASlBlUTY STUDY TASKS 

A CMS/FS is planned for the 903 Pad, Mound, and East Trenches Arms to develop and evaluate remedial 
alternatives for dean up of contaminated sols, ground water, and surface water Results of the Phase I1 

RFI/RI, including the ARARs analysis and basellne risk assessment MI allow development of remed&tiOn g d s  

to guide this process 

The CMS/FS process occurs in two phases The first phase consists of developing and screening remedial 

atternatives, and the second phase includes a detailed analysis of altematbes (EPA, 1988a) Each of these 

two phases is discussed in the following sections 

4 2 1 Task 0 - Remedial Alternative8 Development and Screening 

0 The goal of this task is to identify and screen remedial alternatives The work conslsts of five parts 

0 Developing media-specific preliminary remediation goals 

0 identifying and screening remedial technology groups 

Identifying and screening remedial technology options within each technology group 

0 Developing remedial alternatives 

a Screening remedial alternatives 

I 4 2 1 1 Establish Preliminarv Remedktio n Goale 
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2 identify the degree of remedial action required for each media This will be accomplished by 
comparing, for each affected medta, measured or estimated concentrations in areas indicating 
potential remediation with preliminary remediation goals 

Combining 1 and 2 above provides the basis for estimating the volume of media potentially 
requiring remediation and for gauging the anticipated chemical or radionuclide concentration 
or actMty gradient 

3 

Consistent wtth the NCP (FR 55, No 46) preliminary remediation goals for carcinogens will be established at 

a 1 x lod excess cancer risk point of departure Preliminary remediation guak may be revised, as the FS 

evolves, to a dtfferent risk level based on the consideration of appropriate factors induding, but not limtted to 

exposure, uncertainty, and technical factors 

4 2 1 2 Identifv Genm I Rerwnre Act ion8 

General response actions that may prove appropriate at the site were identtfied In Section 2 5 These actions 

were ldentified in order to determine data gaps to be addressed in RI activtties For each response action, 

potenttally applicable remedial technologies were identified These are also presented in Section 2 5 As the 

Phase II RFI/RI progresses, additional potentially applicable technologies will likely be identified 

I 

@ 4 2  1 3 Screeninn of T C# Pt 

During screening, the broad expanse of potenttally applicable technology types will be narrowed by eliminating 

those technologies that are not technically implementable Based on contaminant concentrations and other 

site-specific information contained in the Phase II RFI/RI, non-implementable technology typeswili be screened 

and eliminated from further consideration 

Technology process options for each retained technology type wll then be screened in order to select a 
representatwe process option for each technology type that is technically implementable Process options are 

compared and eliminated based on their effectiveness relative to other processes within the same technology 

type The screening is based on the volume of media to be treated, achievement of remediation goals, 

potentral impacts on human health and the environment, and the proven performance and reliability of the 

option consdering the contaminants and site characteristics in addition to effectiveness, the process options 

will also be evaluated based on administratwe feasibility and relatwe cost Results of treatability studies and 
geotechnical analyses wdl also be used to evaluate effectiveness, as appropriate I 

Final Phase 11 RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Flats Plant Golden Colorado Flevision 1 
egBg\903pad\ou2 ph2\feb\soc-4 feb 

28 February 1991 
Pago 4-17 



4 2  1 4 Remedk I Alterrut iwr D e v o w n t  and Scneniq e , To develop altematlves, response actions and the process options that are representatbe of the various 

technology types for each medium will be combined to form alternatives for the operable unit In general, more 

than one response action is applicable to each medium Response actions and process options will be 

assembled based primarily on medium-specific considerations and implementability Descriptions d each 

alternative will be developed for inclusion in the CMS/FS report 

The response actions outlined in Table 2-17 must be applied to the potential exposure pathways that will be 

Mentified for OU No 2 The response actions can indMdually be capable of providing control over all w some 

of the potential pathways Partially effective response actions can be combined to form complementary sets 

of response actions that provide control over all pathways In general terms, potential human exposure may 

be avoided by prevention of contaminant release, transport, and/or contact Thus, application of the response 

actions may be considered at three different points in each potential exposure pathway (1) at the point where 

the contaminant could be released from the source, (2) in the transport medium, and (3) at the point where 

the contact with the released contaminant could be prevented 

During alternative screening, the developed alternatives will be evaluated to ensure that they protect human 

health and welfare and the environment from each potential pathway of concern at the operable unit 
Treatment rates will be Identified, and the size and configuration of on-site extraction and treatment systems 

or containment structures will be developed The time frame in which treatment, containment or rem& can 

achieve remediation goals will be determined Lastly, spatial requirements for treatment units, containment 

structures, staging of construction materials, excavated wastes, etc will be determined If there are off-site 

actions such as surface water discharge, a regulatory review will be conducted to determine permit and 

compliance requirements Alternatives will then be evaluated in order to differentiate them with respect to 

effectiveness, implementability and cost 

@ 

Effectiveness is an evaluation of the protectrveness of human health and the environment achieved by a 

remedial atternatlve action dunng construction and implementatlon, and after the response objectives have 

been met Evaluation of effectiveness in the short term is based on protection of the community and workers, 

impacts to the environment, and the time required to meet remedial response objectives Long-term evaluation 

of effectlveness addresses the risk remaining to human health and the environment and is based on the 

percentage of permanent destruction, decreased mobility, and/or reduction in volume of toxic compounds 
achieved after response objectlves have been met 

I 0 lmplementabiity IS a measure of both the technical and administrative feasibility of constructing, operating and 

maintaining a remedlal action alternatlve It is used during screening to evaluate the combinations of process 
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options with respect to the site-speclfic conditions Technical feasibility refers to the ability to construct, reliably 

operate and comply with action-specific (technology-specffic) requirements In order to complete the remedial 

action 
necessary services and capacity for treatment, storage and disposal of hazardous wastes, and to obtain 

essential equipment and technical expertise 

@ 
, Administrative feasibility refers to the ability to obtain required permits and approvals, to obtaln the 

Cost estimates for screening will be derived from cost cu~ves, generic unit costs, vendor infomation, 

conventional cost estimating guides and prior estimates made for Rocky Flats and similar sites, with 

modifications made for Rocky Flats Plant conditions Absolute cost accuracy is not necessary The cost 

estimates for the alternatives, however, will have the same relative accuracy for comparison and screening 

The cost estimating procedures used during screening are simtlar to those that WYI be used during the later 

detaled alternatives analysis The later detailed analysis, however, will receive more In-depth and detafled cost 
estimates of the components of each alternative The screening cost estimates will indude capital, operating, 

and maintenance costs The operating and maintenance costs will be calculated for the lifetime of the 

treatment unit operation at the site Present worth cost analysis will be used for alternatives in order to make 

the costs for the various alternatives comparable 

Alternatrves wnh the most favorable results from the composite evaluation will be retained for further scrutiny 

during the detailed analysis Not more than ten alternatives will be retained for detaWed analysis (including 
containment and no action) At that time, it may be determined that additional site-specific information or 

technology-specific treatability studies are necessary for an objective detailed analysis Also, It will be 

necessary to Mentify and verify the action-specific ARARs that each respective alternative will be required to 

meet 

@ 

' 0  

4 2 2 Task 10 - Dariled Analysis of Remedial Alter~utives 

The detailed analysis is not a decision-making process, but it is the process of analyzing and comparing 

relevant information in order to select a remedial action Each alternative will be assessed against nine NCP 

evaluation criteria, and the assessments will be compared to Mentify the key tradeoffs among the alternatives 

Assessment against the nine evaluation criteria is qecessary for the CMS/FS and the subsequent Record of 

Decision (ROD)/Corrective Action Decision (CAD) to comply with the requirements of CERCIA/RCRA. The 

nine evaluation criterra are described below 

e Overall Protection of Human Health and the Environment 

The alternatives will be individually analyzed to determine if the alternative provMes adequate 
protection of human health and the environment The protectiveness evaluation focuses on 
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how the risks posed by each pathway are being eliminated, reduced or controlled by treatment, 
engineering or institutional measures 

location-specific and action-specific ARARs in accordance with the NCP If an alternative will 
not comply with an ARAR, the CMS/FS report wlll propose a basis for justifying a waiver, if 

. Compliance with ARARs 

0 

. Long-Tern Effectiveness and Permanence 

This criterion 8888588s the risks that are left at the site after the response objectives have been 
met The risks associated with any remaining untreated wastes or treatment residuals will be 
evaluated For each atternatbe, the magnltude d the residual risk, and the reliaMlty and 
adequacy of the controls used to manage untreated wastes and treatment reslduals will be 
addressed 

0 Reduction of Toxicity, Mobility or Volume Through Treatment 

This criterion evaluates the statutory preference of selecting remedial actions that pemanently 
reduce toxicity, mobility or volume of the hazardous materials Factors evaluated for each 
altematrve will indude the proposed treatment process and the materials treated, the quantity 
of materials to be treated or destroyed, and how the primary hazardous threat will be 
addressed, the estimated degree of the reduction in toxicity, mobWity or volume that wYI be 
achieved, the extent to which the treatment will be Irreversible, the type and quantity of 
treatment residuals that will remain following treatment, and a determination if the alternative 
will comply with the statutory preference for treatment 

0 Short-Term Effectiveness 

Short-term effectiveness refers to the effects an alternative may have during the constructiOn 
and Implementation phases untl the deanup objectives have been achieved Attemathres will 
be evaluated to determine the effects on human health and the environment during 
implementation Each alternative will be assessed against the following factors protection of 
the community and workers during the remedial action, environmental impacts, and the time 
required to achieve the remedial action objecthres 

0 Implementabilky 

This crltenon assesses the technical and administrative feadbility of implementing an alternative, 
and the availability of the necessary services and materials The following factors will be 
analyzed during the implementabilky assessment the technical feasibility of construction and 
operation, the rellability of the technology, the practicability of employing additional remedial 
actions, the ability to monitor the effectiveness of the remedial action, administrative 
coordination with other offices and agencies, the availability of adequate off-site hazardous (or 
mixed) waste treatment, storage and disposal, and the availabilky of equipment, expertise and 
other services and matenals . costs 

An in-depth cost estimate will be conducted, and, if necessary, a cost senslttvity analysis Will 
be prepared to evaluate costing assumptions Capital costs include direct construction costs, 
indirect non-construction costs, and overhead costs Operating and maintenance costs are 
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incurred after construction in d e r  to operate the remedial action on a continuous bas4 untN 
the remedial action objectives have been achieved CMS/FS cost estimates are expected to 
be within an accuracy range of minus 30 percent to plus 50 percent If this accuracy cannot 
be achieved, it will be stated in the CMS/FS report 

A cost senskMty analysis may be conducted to determine the effect that speck cost 
assumptions have on the totel estimated cost of an altmtive The cost assumptions MI be 
based on sitespectfic data, technological operating data, etc , atthough the assumpUons will 
be subject to varying degrees of uncertainty depending on the accuracy of the data 

0 State Acceptance 

This crlterion addresses the state’s adminetratwe and technlcal issues and umcerns wlth each 
of the alternatives 

0 Community Acceptance 

Community acceptance addresses the public’s oo1)c~ms and issues with each of the 
alternatives 

The CMS/FS report will contain a narrative discussion of each alternatives evaluation against the nine crlteria 

The narrative will describe how each alternative addresses the technical treatability issues, long-term and Wit- 

term effectweness, costs, protection of human health and the emrironment, compliance wlth A M s ,  etc Once 

the alternatives have been described, a comparative analysis will be conducted to evaluate the relative 

performance of each alternative The relative advantages and disadvantages of each altemathre wlth respect 

to the other alternatives will be determined in order to assess the key tradeoffs that must be made in selecting 

a remedlal action A candidate alternative must generally attain the prlmaty objectives of compliance wlth 

ARARs and overall protection of human health and the environment in order for it to be eligible for selection 

as the remedial action A narrattve discussion of the alternathres comparison describing the tradeoffs, and the 

beneflts and detriments of each alternative in comparison to the others wlll be included in the CMS/FS report 

Following completion of the CMS/FS process, the results of the detailed alternattves comparison and risk 
management will be used as the rationale for selecting a preferred alternative and a remedial action 

, 4 2 3 Task 11 - Femibility Study R e m  

The CMS/FS Report will discuss and present the results of the feasiblity study The results of the detailed 
alternatives comparison will be used as the rationale for selecting a preferred alternative and a remedial action 

Although the purpose of the FS report and process is not to select a remedial action, It will present and 
evaluate the alternatives in sufficient detail in order to objectively conslder all significant issues and select a 
feasible, cost-effective, and defensible remedial action The report will include sections describing slte 
background, nature and extent of problem, results of the RFI/RI, risk assessment and environmental evaluation, 
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identification, screening and detaled evaluation of remedial altematlves, and the recommended remedial 

actions This task Includes preparation of a Draft CMS/FS report, and preparation of a Final CMS/FS that 

incorporates EPA and CDH comments A preliminary outline of the CMS/FS report is shown in Table 4-2 
e 

As wlth the RFI/RI, some portions of the CMS/FS may be conducted separately for the bedrock and aHuviel 

components of the slte It is llkely that remediation requirements MI not be the same for the bedrock 88 for 

upper HSU However, both the bedrock and alluvium WYI be addressed during the CMS/FS and only one 
CMS/FS teport will be prepared 
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TABLE 4-2 

CMS/FS REPORT FORMAT 

Executive Summery 

10 Introduction 

1 1 
1 2 

Purpose and Organization of Report 
Background information (summarlzed from RI Report) 

121 SiteDescriptbn 
122 SlteHistory 
1 2 3 Nature and Extent of Contamination 
1 2 4 Contaminant Fate and Transport 
1 2 5 Baseline Risk Assessment 

2 0 Identification and Screening of Technologies 

21 introduction 
2 2 Remedial Action Objectives 

Present the development of remedial action objectives for each medium of interest (I e , ground 
water, soil, surface water, air, etc ) 
For each medium, the following should be discussed 

Contaminants of interest 

Development of remediation goals 
AbW&e 8XpOSUr8 based On risk aSSeSStnent (indUding M S )  

2 3 General Response Actions 

2 4 

For each medium of interest, describes the estimation of areas or vdumes to which treatment, 
containment, or exposure techndogies may be applied 
Identification and Screening of Technology Types and Process Options - For each medium of 
interest described 

2 4 1 ldenttfication and Screening of Technologies 
2 4 2 Evaluation of Technologies and Selection of Representative Technologies 

3 0 Development end Screening of Alternatives 

3 1 Development of Alternatives 

3 2 Screening of Alternatives 

Describes rationale for combination of technologies/med& into alternatives Note This 
discussion may be by medium or for the she as a whde 

3 2 1 introduction 
3 2 2  Alternative1 

3 2 2 1 Descnption 
3 2 2 2 Evaluation 

3 2 3  Alternative2 

3 2 3 1 Descnption 
3 2 3 2 Evaluation 

3 2 4  Atternatbe3 
sheet 1 o f2  
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TABLE 4 2  (Continued) 

CMS/FS REPORT FORMAT 

4 1  Introduction 
4 2 IndMdUal Anelysis of Alternatives 

4 2 1  Alternative1 

4 2 2  Ntemtive2 

4 2 3  Alternative3 

4 3 Comparative Analysis 

Bibliography 
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5 0  

PHASE II RFI/RI FIELD SAMPLING PIAN 

The overall objectives of the Phase I1 RFI/RI is to characterize in detail the nature and extent of soil 

contamination and plumes within the upper HSU The specific goals of the RFI/RI (EPA, 1968a) include the 

following 

e Characterize site physical features 

e Define contaminant sources 

e Describe contaminant fate and transport 

Provide a baseline nsk assessment e 

e Provide an adequate body of data for the Feasibilrty Study and the Record of Decision (ROD) 

The purpose of Section 5 0 is to provlde a detailed Field Sampling Plan (FSP) which will realize the goals and 

the data qualrty objectwes described in Section 3 0 

5 1 FIELD SAMPLING RATIONALE 

A four step approach will be used for the FSP 

Step One 

Step Two 

Step Three 

Step Four 

Review of Existing Data 

Conduct Preliminary and Screening Study Actwities 

Conduct Detailed Field Sampling Program 

Conduct Field and Analytical Laboratory Testing Programs 

5 1 1 Step One - Rewew of Existing Data 

This indial step consists of collecting, reviewing, and analyzing the Phase I RI report, previous drafts of the 

Phase II work plan, regulatory agency comments on the draft work plans, responses to these comments, and 

other relevant documents, e g , data, plans, and reports from adjacent or on-going Operable Unit investigations 

This has been performed in preparation of this work pian The current understanding of the nature and extent 

of contamination at OU No 2 is based on all available chemical data, however, only data collected through 

the summer of 1989 are presented More recent analytical data are not included in this work plan because they 

are still in the process of being validated and do not signdicantly alter the sde conceptual model The existing 

data set also includes an electromagnetic geophysical survey of all the IHSSs (see Phase I RFI/RI Report) 
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5 1 2 Step Two - Preliminary FieM and Screening Study Activities 

This second step Involves preliminary field and screening study activities in advance of implementing the 

detailed FSP (Step 3) These include surveying of borehole and IHSS locations, FIDLER monitoring surveys, 

air mondoring, surface soil and environmental evaluation reconnaissance visits, mobillration for the drilling and 

sampling program, setting up temporary waste handling facilities, temporary sample storage facllties, and 

establishment of health and safety procedures SOPS have been prepared for these actMtles where 

appropriate 

s 1 3 Step Three - Detailed Field Sampling Activities 

The third step is to conduct detailed field studies that include 

0 Plume characterization, well installation, and sampling 

0 Source charactermtion borehole sampling and well installation/sampling 

e Surfictal soil sampling 

0 Environmental evaluation study 

Sections 5 2, 5 3, and 5 4 describe the details of the first three activities, respectively The environmental 

evaluation study is described in Section 6 0 The environmental evaluation will be conducted as an integrated 

study with the environmental evaluations for OU No 1, OU No 5, and OU No 6 The results relevant to OU 
No 2 of this integrated study will be incorporated into the OU No 2 Phase II RFI/RI Report 

5 1 4 Step Four - FieM and Analytical Tests 

This last step includes all of the testing activdies (Section 5 5) such as field screening tests for volatile organics 

and radioactivny, hydraulic pumping and tracer tests, and chemical testing of soil and water samples All data 

obtained from these activnies will be compiled in the EG&G Rocky Flats Environmental Data System (RFEDS) 

data base 

5 2 GROUND-WATER PLUME CHARACTERIZATION PROGRAM 

The purpose of the ground-water plume characterization program is to delineate the horizontal and vertical 

extent of volatile organic, semi-volatile organic, inorganic, and radiological contaminants in ground water within 

the upper HSU The areal scope of the investigation extends laterally to the seeps wnhin South Walnut Creek 

and Woman Creek, and vertically into the Number One Arapahoe Sandstone subcrop Approximately 130 
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monitor wells are proposed for this acthrlty Monitor wells are proposed for the alluvial and bedrock (weathered 

bedrock and subcrop sandstones) systems of the upper HSU 

Presented below are proposed monitor well locations and the rationale for further characterization of ground- 

water flow and qualrty in the upper HSU at OU No 2 (see Tables 5-1 and 5-2) Bedrock ground-water 

investigations for the lower HSU at OU No 2 are proposed in the Phase II RFI/RI (bedrock) Work Plan 

The following discussion presents borehole and monitor well locations as if one well wRI be installed at each 

location However, the number of wells per location and the screened interval of each well will be determined 

based upon the saturated thickness If the encountered saturated thickness is 10 feet or less, a single well will 

be Installed, and the screened interval Will extend from five feet above the water table to the base of the water 

bearing zone Two wells will be installed if the saturated thickness is greater than 10 feet and less than 30 feet 

One of the two wells will be completed at the water table as described above, and a second well will be 

completed across the lower part of the water bearing unit If a saturated thickness greater than 30 feet is 

encountered, a third well will be completed at the base of the water bearing unit All plume characterization 

boreholes for installation of monnor wells will be drilled, logged, and sampled for lithologic description 

purposes only The monitor wells will be completed in accordance with the Rocky flats ER Program SOP 
(EG&G, 19901) After these plume characterization monitor wells have been developed, ground-water samples 

will be collected for analytical chemical tests on a quarterly basis to record change in the ground-water 

contamination plume 

5 2 1 Proposed Borehole and Monitor Wells in Alluwum 

Borehdes and monltor wells are proposed for each of the following IHSS Areas Table 5-1 includes a more 

detailed summary of each borehole and monltor well, and drilling locations are shown on Plate 1 

0 903 Pad Area - 18 wells 

0 Mound Area - 13 wells 

e East Trenches Area - 7 wells 

5 2 1 1 903 Pad Area 

Eighteen proposed alluvial monitor wells will further define the lateral extent of saturation, the potentiometric 

surface, and the extent volatile organics in the shallow ground-water system east and southeast of the 903 Pad 

Area (Plate 1) Three wells (1 -91, 2-91, and 3-91) will be completed in Rocky Flats Alluvium east of the 903 

Drum Storage Ste  to define the extent of volatile organics in alluvial ground water and to characterize alluvial 

ground water flow Likewise eight alluvlal wells (4-91 through 9-91, 105-91, and 106-91) will be completed in 
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‘ e  PROPOSED PHASE II WELLS 
FOR PLUME CHARACTERlZATlON 

YELL OR 
BOREHOLE Yo 

N I T  IC I PATED 
WOyITrn YELL 
TOTAL DEPTH ANT I CIPATB) 

(ft. belar 0.8) SCREENED INTERVAL 

1 91 Volati le organic plune def ini tion 25 
downgradient (east) of 903 Pad and Mound 
Areas 

2-91 Volatile orgenic plune definition 15 
downgradient (east) of 903 Pad and Mound 
Areas 

3-91 Volatile organic plune definition 15 
downgradient (east) of 903 Pad and Hound 
Areas 

4-91 

5 91 

6 91 

7-91 

8 91 

9-91 

10 91 

1 1  91 

12 91 

Volatile organic plune definition 15 
domgradient (southeast) of 903 Pad and 
Mound Areas Extent of saturated 
COllWlUn 

Volatile organic plune definition 
domgradient (southeast) of 903 Pad 
Extent of saturated colluviun 

Volati le organic plune def ini tion 
downgradient (southeast) of 903 Pad Extent 
of saturated colluviun 

Volatile organic plune definition 
domgradient (southeast) of 903 Pad 
Extent of saturated cot luviun 

Volatile organic plune definition 
downgradlent (southeast) of 903 Pad 
Extent of saturated colluviun 

Volatile organic plune definition 
domgradient (south) of 903 Pad 
Extent of saturated coltuviun 

Volatile organic plune definition 
downgradient (south) of the 903 Pad Area 
Groud waterhurface water interaction at 
SID 

Volatile organic plune definition 
downgradient (southeast) of the 903 Ped 
Area 
Ground uater/surface water interaction at 
SID 

Volatile organic plune definition 
downgradient (southeast) of the 903 Pad 
Area 
Ground watcr/surface water interaction at 
SID 
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10 

10 

10 

10 

10 

20 

20 

20 

5-2s2 

5-t5 

5-15 

5-15 

5-10 

5-10 

5-10 

5-10 

5-10 

5-202 

5 - 202 

5-202 
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TABLE 5-1 (Continued) 

PROPOSED PHASE II WELLS 
FOR PLUME CHARAClERlZAllON 

W T  IClPATED 
WoYlToI YLL 
TOTAL DEPTH Awf ICXPATEP 

(ft. bdOU 0.8) Oerma, INTERVAL 

13-91 

14-91 

15-91 

16 91 

17-91 

18-91 

19-91 

20 91 

21 91 

22-91 

23-91 

24-91 

25-91 

26 91 

27 91 

28-91 

Determine extent of elevated inorganics in 20 
wall 29-87 G r d  water/surface water 
interaction at SID 

Yanrrn Creek valley fill allwial ground 
water Upgradient of Pond C-1 and 
downgradient of well 64-86 

Uonren Creek valley fill alluvial ground 
water rggradient of 65-86 

YaMn Creek valley fill allwial gromd 
water downgradient of 65-86 

Ground-water quality rggradient (west) of 
Operable Unit No 2 

Ground-water quality md extent of 
saturation adjacent to possible Pallet Burn 
Site 

Ground-water quality downgradient (north) 
of Pallet Burn Site 

Ground-water quality domgradient (south) 
of Oil Burn Pit Site 

Ground-water quality downgradient (south) 
of Mound Site 

Ground-water quality downgradient of Trench 
7-1 and upgradient of Mourd to 
differentiate between swrces 

Ground-water quality upgradient of Trench 
T-1 and downgradient of the 903 Pad to 
differentiate ktween swrces 

Volatile organic plune definition 
domgradient (northeast) of Hound Area 

Volatile organic plune definition 
downgradrent (east) of 903 Pad and Mound 
Areas 

Volatile organic p l w  definition 
downgradient (east) of Mound Area 

Volatile organic plune definition 
downgradient (north) of Mound Area 

Volatile organic plune definition 
downgradient (north) of Mound Area 
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10 

10 

10 

15 

15 

10 

10 

10 

25 

25 

10 

15 

20 

20 

10 

5 - 20’ 

5-10 

5-10 

5-10 

5-15 

5-15 

5-10 

5-10 

5-10 

5 - 25’ 

5-2S2 

5-10 

5-15 

5-20’ 

5 - 20’ 

5-10 
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TABLE 5-1 (Continued) 

PROPOSED PHASE II WELLS 
FOR PLUME CHARACERlZATlON 

m . 1  OR 
BOREIIOLE Yo. 

ANTI CI PA= 
IIOWITQI E L L  
TOlM DEPTH M I  CI PAI1B, 

(ft. brlar 0.S) INTERVAL 

29-91 

30-91 

31-91 

32 91 

33-91 

34 91 

35-91 

36 91 

37-91 

38-91 

39-91 

40-91 

41 91 

42 91 

43 91 

Volatile organic p l w  definition 
dongradient (northeast) of W d  Area 

Volatile organic plune definition 
downgradient (northeast) of Hound Area 

Volatile organic plune definition 
downgradient (northeast) of Hound Area 

Volatile organic plune definition 
domgradient (northeast) of Mound Area 

Volatile organic plunc definition 
downgradient (northeast) of Hound Area 

Volatile organic plum definition 
downgradient (northeast) of H d  Area 

Volatile organic plune definition 
downgradient (north) of Trench 1-3 
Replace well 3-74 

Ground-water quelitydowngradimt of Trench 
1-3 and uparadient of Trench 7-4 to 
differentiate between sources 

Volatile organic plune definition 
downgradient (south) of Trench 1-3 

Ground-water qwlity downgradient (south) 
of Trench 1-4 and upgradient (north) of 
Trench 1-11 to differentiate k t u e m  
sources 

Ground-water quelity downgradient (south of 
Trench T-1) and cpgrrdient (north) Trench 
1-10 to differentiate between sources 

Volatile organic plune definition 
downgradient (south) of Trench 1-10 

Volatile organic plune definition 
downgradient (south) of Trench 1-11 

Volatile organic plune definition and 
extent of saturation domgradient (north) 
of East Trenches Area 

Volatile organic p l m  definition and 
extent of saturation domgradimt (north) 
of East Trenches Area 
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15 

10 

15 

15 

15 

15 

10 

10 

15 

15 

15 

20 

20 

10 

10 

5-15 

5-10 

5-15 

5-15 

5-15 

5-15 

5-10 

5-10 

5-15 

5-15 

5-15 

5-20’ 

5-20’ 

5-10 

5-10 
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TABLE 51 (Continued) 

PROPOSED PHASE II WEUS 
FOR PLUME CHARACTERIZATION 

' 0  

*ELL OR 
BOREWOLE NO 

ANTICIPATED 
mITm Y L L  
TOTAL OEPTH AYTICIPATED 

(ft. b l w  0.8) - xmAL 

46-91 Volatile organic plune definition and 20 
extent of saturation doungradient (north) 
of East Trenches Area 

45-91 

66-91 

47 91 

68-91 

69 91 

50 91 

51-91 

52 91 

53-91 

54 91 

55 91 

56-91 

57-91 

Volatile organic plum definition and 
extent of saturation downgradient (north) 
of East Trenches Area 

Volatile organic plune definition and 
extent of saturation downgradient (north) 
of East Trenches Area 

Volatile organic plum definition and 
extent of saturation downgradient (north) 
of East Trenches Area 

Volatile organic plune definition and 
extent of saturation downgradient (north) 
of East Trenches Area 

Volatile organic plune definition and 
extent of saturation domgradient (north) 
of East Trenches Area 

Growd-water quality upgradient of southern 
East Trenches 

Ground-water quality downgradient (north) 
of Trench 1-9 

Ground-water quality downgradient (south) 
of Trench 1-9 

Ground-water quality downgradient (north) 
of Trench 1-5 

Ground-water qualitydowngradient (cast) of 
Trenches 1-5, 1-6, and 1-7 Evaluate 
influence of East Spray Field Sites on 
groud-water flow and quality 

Ground-water quality downgradient (south) 
of Trench 1-7 and upgradient (north) of 
Trench 7 8 to differentiate between 
sources 

Volatile organic plune definition 
downgradient (southeast) of East Trenches 
Area 

Volatile organic plum definition 
domgredient (southeast) of East Trenches 
Area 
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10 

10 

10 

10 

10 

25 

30 

40 

40 

40 

40 

40 

40 

5-20' 

5-10 

5-10 

5-10 

5-10 

5-10 

5-2S2 

5-30' 

5-40' 

5-40' 

5-40' 

5-40' 

5 - 40' 

5-60' 
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TABLE 51 (Continued) 

PROPOSED PHASE II WELLS 
FOR PLUME CHARACTERIZATION 

lELL aR 
MREIKKE Yo 

58-91 Volatile organic plum definition 40 
domgradimt (southeast) of East Trenches 
Area 

59-91 Volatile organic plune definition 
domgradimt (swthe8st) of East Trenches 
Area 

60-91 

61 91 

62-91 

63-91 

64 91 

65 91 

66-91 

67 91 

68-91 

105 91 

107 91 

108 91 

109 91 

110 91 

111 91 

40 

Volatile organic plune definition 40 
domgradient (southeast) of East Trenches 
Area 

Volatile organic plune definition 
domgradient (southeast) of East Trenches 
Area 

Evaluate influence of East Spray Field 
Sites on ground-water flou and quality 

Evaluate influence of East Spray Field 
Sites on ground-water flow and quality 

Evaluate influence of East Spray Field 
Sites  on growd-water flow and quality 

Evaluate influence of East Spray Field 
Sites on growd-water flow and quality 

Evaluate influence of East Spray Field 
Sites on ground-water flow and quality 

Volatile organic plune definition and 
extent of saturation downgradient (north) 
of East Trenches Area 

Ground-water quality southeast of East 
Trenches Area 

Groud water quality doungradient of 913 
P8d and Reactive Metal Destruction Site 

Ground water quality downgradient 
(northeast) of East Trenches Area 

Ground water quality downgradient 
(northeast) of East Trenches Area 

Volatile organic plune definition and 
extent of saturation domgradimt 
(northeast) of East Trenches Area 

Volatile organic plune definition and 
extent of saturation domgradient 
(northeast) of East Trenches Area 

Volatile organic plune definition and 
extent of saturation downgradient 
(northeast) of East Trenches Area 
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40 

40 

40 

40 

40 

40 

40 

10 

10 

40 

40 

30 

30 

30 

5-40' 

5-40' 

5-40' 

5 - 40' 

5-40' 

5-40' 

5-40' 

5-40' 

5-40' 

5-40' 

5- 10 

5-10 

5-40' 

5-40' 

5-30 

5-30 

5 30 
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TABLE 51 (Continued) 

E L L  OR 
BOREHOLE Yo 

PROPOSED PHASE II WELLS 
FOR PLUME CHARACTERIZATION 

ANTICIPATED 
llDwlTaR Y L L  
TOTAL DEPTH ANTICIPATED 

(ft. kl# B.8) INTERVAL 

112-91 Volatile organic plum definition a d  8 
extent of saturation downgradient 
(northeast) of East Trenches Area 

113-91 Volatile organic plune definition and 
extent of saturation domgrlldient 
(northeast) of East Trenches Area 

8 

3-8 

3-8 

Total Proposed Uclls for 
Plune Charactcri zation 
41 + (2 x 16) + (3 x 19) 

41 single wells 
16 double well clusters 
19 triple well clusters 

6 la 

Notes 
1 Ground-water quality and lithologic data will provide better characterization of the ground-water exposure 

pathway in support of the baseline risk assessment 

I f  the encountered saturated thickness is greater than 10 feet, a well cluster will be installed as explained 
in Section 5 1 1 

2 

g s  ground surface 
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TABLE 5 2  

' a  PROPOSED PHASE ll WELLS AND BOREHOLES 
FOR SOURCE CHARACTERIZATION 

An I CIPATED 
lQwITaR E L L  
TOTAL DEPTH MTICIPATED 

(ft. belou 0.8) SCEElED IIITERVM 
E L L  OR 

BOREmKE Yo 

69-91/EH0191 Characterization upgradient (west) of 903 15 
P8d 

5-15 

70-91/BHO291 Groud-water quality beneath 903 Pad 
Source characterization 903 Pad 

15 5-15 

EH0391 Source characterization 903 Pad N/A N/A 

5-15 71-91/BH0491 Grd-water quality kncath 903 Pad 
Source characterization 903 Pad 

15 

72-91/EH0591 Grd-water quality downgradient (south) 15 
of 903 Pad 
SOIL characterization adjacent to 903 pa& 

5-15 

20 5-20' Ground-water quality downgradient (north) 
of 903 Pad 
Soil characterizetion adjacent to 903 Pad 

Source characterization 903 Pad 

Ground-water quality beneath 903 Pad 
Source characterization 903 Pad 

Source characterization 903 Pad 

Source characterization 903 Pad 

Ground uater quality downgradient (east) of 
903 Pad 
Soil characterization adjacent to 903 Pad 

Ground-water quality downgradient (east) of 
903 Pad 
Soil characterization adjacent to 903 Pad 

Ground-water quality downgradient (south) 
of 903 Pad 
Soi 1 characterization adjacent to 903 Ped 

Ground-water quality beneath Trench 1-2 
Source characterization Trench 1-2 

Source characterization Trench 1-2 Extent 
of s o i l  contamination 

Ground uater quality downgradient (south) 
of 903 Pad and upgradient of Trench 7-2 
(north) to differentiate between sources 

Source characterization Trench 1-2 
Extent of soil contmination 

EH0791 N/A 

20 

N /A 

5-202 

BHO991 

I EH1091 

N/A 

N/A 

20 

N/A 

N/A 

5 - 20' 

5-20' 
I 

I 76-91/EH1291 20 

5-20' 20 

78 91/EH1491 

BH1591 

10 

N/A 

10 

5-10 

N/A 

5-10 79 91/BHl691 

N/A N/A EH1791 

En1891 

80 91/EH1991 

Source characterization Trench T 2 
Extent of soil contamination 

Ground-water qual ity doungradient south of 
Trench 1 2 Extent of s o i l  contamination 

N/A 

10 

U/A 

5-10 
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TABLE 6-2 (Continued) 

PROPOSED PHASE II ALLUVIAL WELLS AND BOREHOLES 
FOR SOURCE CHARACTERIZATION 

u€LL OR 
BOREmKE Yo 

AYTlClPATED 
#IIToR Y L L  
TOTAL DEPTH AWTICIPAfED 

(ft. bela  0.8) INTERVAL 

I 

I 88 91/BH2991 

89*91/BH3091 

I 91-91/BH3191 

91-91/BH3291 

I 

92 91/BH3391 

93 91/BH3491 

94-91/BH3591 

95 91/BH3691 

Source characterization Reactive Metal 
Destruction Site 

Ground-water quality downgradient (south) 
of Reactive Metal Destruction Site 

Source characterization Reactive Metal 
Ddstruction Site 

Ground-water qwlity downgradient of 
Reactive Metal Destruction Site 
Extent of soil contamination 

Ground-water qual 1 ty downgradient of 903 
and Reactive Metal Destruction Site 

Ground-water quality beneath M d  Site 
Source characterization 

Ground-water quality beneath Mound Site 
Source characterization 

Extent of soil contamination Mound Site 

Investigation possible Pallet Burn Site 
location 

Ground-water quality beneath Trench 1-3 
Source characterization 

Ground-water quality beneath Trench 1-4 
Source characterization 

Ground-water quality beneath Trench 1-4 
Source characterization 

Ground-water quality beneath Trench 1-11 
Source characterization 

Ground-water quality beneath Trench 1-11 
Source characterization 

Extent Of SO11 ContmlMtlon 

Ground-water quality beneath Trench 1-9 
Source characterization 

Ground-water quality beneath Trench 1-5 
Source characterization 

Ground-water quality beneath Trench 1.5 
Source characterization 

10 

10 

N/A 

10 

10 

25 

25 

N/A 

N/A 

20 

20 

25 

25 

25 

40 

40 

40 

5-10 

5-10 

N/A 

5-10 

5-10 

5-25' 

5-25' 

N/A 

N/A 

10-20 

10-20 

10-25' 

10-25' 

10-25' 

10-402 

10-40' 

10-40' 
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TABLE b2 (Continued) 

PROPOSED PHASE II ALLUVIAL WELLS AND BOREHOLES 
FOR SOURCE CHARACTERIZATION 

E L L  OR 
MREmKE NO 

97 91/BH3891 

98-91/BH3991 

99 91/BH4091 

100 91/BH4191 

101 91/BH4291 

102-91/8H4391 

104 91/8H4593 

Ground-water quality beneath Trench 1-6 
Source characterization 

Ground-water quality beneath Trench 7-7 
Source characterization 

Ground-water quality beneath Trench T-7 
Source characterization 

Ground-water quality beneath Trench T-8 
Source characterization 

Grwnd-water quality beneath Trench T-8 
Source characterization 

40 

40 

40 

40 

40 

Ground-water quality beneath the East Spray 
Field Source characterization 

Field Source characterization 

Field Source characterization 

Field Source characterization 

40 

Grwnd-water qualitybeneath the East Spray 

Ground-water quality beneath the East Spray 

Ground-water quality beneath the East Spray 

45 

40 

40 

Ground-water quality beneath Gas 
Detoxification Site Source 
characterization 

10 

Total Proposed Boreholes 
Total Proposed noni tor 

Uells for Source 
Characterization 
15 + (2 x 18) + (3 x 4 )  

15 single wells 
18 double well clusters 
4 triple well clusters 

Grand Total 

10-40’ 

10-402 

10-40’ 

10-40’ 

10-40’ 

5-40’ 

5-45’ 

5-60‘ 

5-40‘ 

5-10 

46 

= 109 

tJotes 
Ground-water and soil analyses will be used to define the range and m a x i m  concentration of contmination 
in support of the baseline risk assessment 

If the encountered saturated thickness is greater than 10 feet, a well cluster will be installed as explained 
in Section 5 1 1 

In the context of source characterization, the term %oi lIo means alluvial and/or weathered bedrock materials 

2 

3 

9 s  ground surface 

Sheet 3 of 3 
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colluvium southeast of the 903 Pad Area for plume delineation Alluvial wells 10-91, 1 1-91, and 12-91 will be 

drilled along the northern berm of the SID and completed in the berm to mondor the quality of ground water 

adjacent to the ditch Well 13-91 will be located on the southern berm of the ditch across from 29-87 to 

evaluate the elevated inorganics detected in well 29-87, and the relationship between the SID and alluvial 

ground-water flow and quality 

@ 

Volatile organics have not been detected in Woman Creek valley fill alluvium downgradient of the 903 Pad Area 

in well 65-86 However, Inorganic compounds appear elevated in this well, and PCE was detected at 8J pg/l 

in well 64-86 dunng one sampling event (second quarter 1989) Thus, three additmai wells WRI be Installed 

along Woman Creek to further characterize the valley fill alluvium Well 14-91 will be completed west 

(upgradient) of Pond C-1, well 15-91 will be completed west (upgradient) of a-86 and east (downgradient) of 

Pond C-1 , and well 16-91 will be drilled east (downgradient) of 65-86 but west (upgradient) of Pond C-2 

5 2 1 2 Mound Area 

Several new alluvial monitor wells are proposed for the Mound Area The current upgradient well (43-86) 

appears to be impacted by the 903 Drum Storage Site, so another upgradient alluvial well is needed Proposed 

well 17-91 will be installed in Rocky Flats Alluvium west of 43-86 and the 903 Pad Area to serve as an 

@ upgradient well 

Four wells will be located downgradient of the Oil Bum Pit No 2 Site and the Pallet Bum Site to monitor 

ground water from these sites As these IHSSs are within the PSZ fence, well installation downgradient of them 

is ddficult Wells will be placed as close as possible to the IHSSs Well 18-91 will be installed adjacent to the 

Western Pallet Burn Site, and wells 19-91 and 20-91 will be installed downgradlent of this site inside the PSZ 

fence Well 21-91 will be installed downgradient of the Oil Burn Pit No 2 Site, outside of the PSZ fence 

Thirteen wells will be located downgradient of Trench T-1 and the Mound Srte Wells 22-91 and 23-91 will be 
installed adjacent to and downgradient of Trench T-1 Data from well 22-91, located between the trench and 

the Mound Srte, will differentiate contamination from these two sources and assist in characterization of the 

ground-water pathway in this location In addition, three wells (24-91, 25-91, and 26-91) will be installed 

downgradient of the Mound Sde and Trench T-1 to the east, to evaluate the extent of volatile organic 

contamination in this direction Eight wells (27-91 through 34-91) will be completed north and northeast of the 

Mound Area to characterize ground-water flow and quality toward South Walnut Creek 

I 
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5 2 1 3 East Trencher Are@ a 
Seven new alluvlal borehdes and wells will be drilled wnhin the northern trench area to characterize ground- 

water qualty and flow Wells 35-91,36-91, and 37-91 will be installed downgradient of Trench T-3 to the north, 

east, and south, respectively These proposed wells will assist in drfferentiating between Trenches T-3 and T-4 

as the source of vdatile organics in well 3687 Wells 38-91 and 39-91 will be constructed between Trenches 

T-3p-4 and T-1 1 /T-10 in an attempt to differentlate the two groups of trenches as contaminant sources 

Alluvial ground-water flow in this area is to the southeast toward Trenches T-10 and T-1 1 Wells 40-91 and 41- 

91 will be located southeast of Trenches T-1 1 and T-10 to further characterize the extent of vdatile organics 

in alluvlal ground water 

Downgradient of the northern East Trenches toward South Walnut Creek, eight new wells will be installed to 

evaluate saturated conditions and to delineate the plume north of the Trenches (proposed wells 42-91 through 

49-91) Seven new alluvlal wells will be installed downgradient (northeast) of the East Trenches These wells 

will be used to investigate the ground-water vdatile organic contamination apparently present In the vicinity 

of well 39-86 (unvalidated) Wells 107-91 and 108-91 will be located upgradient of existing well 39-86 and 

downgradient of the East Trenches to aM in determining the source of the contamination Proposed wells 109- 

91, 1 10-91, and 11 1-91 will be installed immediately downgradient of well 39-86, and wells 112-91 and 113-91 

will be installed in valley fill alluvium at the plant boundary to better define the extent of contarnination @ 
Eight new alluvial wells are proposed within the southern trenches, again, to help dlfferentlate between these 

potential contaminant sources and define the extent of contamination and pathways within the upper HSU 

Well 50-91 will be installed south of the northern trenches and west of the southern trenches to differentiate 

between these source areas Wells 51 -91 and 52-91 will be dnlled adjacent to Trench T-9, and wells 53-91,s- 

91, and 55-91 will bracket flow into and out of Trenches T-5, T-6, and T-7 In addition, well 55-91, located 

downgradient of Trenches T-5, T-6, and T-7 and upgradient of Trench T-8, will help differentiate these sites as 

contaminant sources Wells 56-91 and 57-91 will be located downgradient (south and southeast) of Trench 

T -8 

Ten alluvial wells will be installed surrounding the southern East Trenches and the East Spray Field to monitor 

flow and quallty of ground water exrting the area These wells (58-91 through 67-91) will help delineate the 

southern and eastern extent of volatile organics plumes in Rocky Flats alluvlal ground water Well 68-91 will 
be located south of this line of wells and will be completed in colluvium to further characterize hydrogeologic 

conditions in this area 
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5 2 2 Proposed Monitor Wells in Bedrock 

Arapahoe sandstones, which subcrop within OU No 2, are in hydraulic connection with sutflcial materials and 

are, thus, part of  the upper HSU (Figure 2-1 5) During previous investigations, bedrock monitoring wells were 

installed adjacent to allwlal wells in the uppermost sandstone encountered Some of these wells are 

completed in subcropping sandstone, and volatile organic contaminants have been detected in some wells as 

discussed in Section 2 0 In order to further characterne ground-water flow directions and ground-water quality 

within these shallow sandstones, additional bedrock monitor wells wll be installed during the Phase II RFI/RI 

The deeper confined bedrock units will be investigated during implementation of the Phase II (Bedrock) Work 

Plan The interface between the allwal and the bedrock fieM investigations is shown In mure 1-1 

The placement of bedrock monitor wells in the upper HSU will be based on conditions encountered during 
alluvial well drilling Alluvial wells will be dnlled flve feet into bedrock to locate subcropping sandstones If a 

saturated subcropping sandstone greater than three feet in thickness is encountered wlthin this five-foot 

interval, surface casing will be set, the boring will be advanced through the sandstone and a minimum of five 

feet into claystone or siltstone beneath the upper sandstone layer A bedrock well will then be completed 

wnhin this upper sandstone layer A second boring will then be drilled adjacent to the bedrock well for 

installation of an allwlal well 

5 3 SOURCE CHARACTERIZATION PROGRAM 

Boreholes will be drilled into IHSSs where access is feasible to charactewe any waste materials remaining in 

place, and to assess the maximum contaminant concentrations in the alluvium and weathered bedrock directly 

beneath the sltes In addltion, ground-water monitoring wells will be installed adjacent to selected borehdes 

to characterize ground-water quality directly beneath the sltes This section discusses those selected wells and 

boreholes which will be drilled for source characterization Wells to be drilled outsMe of IHSSs for 

characterizing the extent of plume contamination are discussed in Section 5 2 Table 5-2 provides an overview 

of all proposed Phase I I  RFI/RI source characterization boreholes and wells which are shown on Plate 1 All 

drilling sampling and well installation will follow the Rocky Flats Plant ER Program SOP 

Boreholes to be drilled into IHSSs will extend from the ground surface to the base of weathered claystone 

bedrock Continuous borehole samples will be collected for llthdogic descriptions for the entire borehde 

depth From this core, discrete samples will be submitted for laboratory chemical analyses every two feet from 

the ground surface to the water table In addition, a discrete sample will be collected for chemical analysis 
at the water table Core from saturated alluvial materials will not be submitted to the laboratory as the 

presence of water in this zone will affect interpretation of chemical results In order to prevent allwial ground 
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water from affecting weathered bedrock samples, surface casing will be grouted into the borehde through 

alluvlal materials Subsequent to grout hardening, the borehde will then be advanced through weathered 

bedrock with continuous sampling Discrete samples from the core will be submmed to the laboratory for 

chemical analysis from two feet immediately below the casing, and every four feet thereafter to the base of 

weathering and a minimum of five feet into the weathered bedrock zone To further characterize bedrock 

immediately beneath the sites, in situ packer tests will be performed in the weathered bedrock where conditions 

allow 

0 
I 

Alluvlal and bedrock ground-water monitoring wells will also be installed to characterize groundwater quallty 

directly beneath IHSSs Wells will be drilled, sampled, and completed in accordance with the Rocky flats ER 

Program SOP The screened interval of all alluvial and bedrock monitor wells wlll depend on the saturated 

thickness If the saturated thickness is 10 feet or less, a single well will be installed and the screened interval 

will extend from five feet above the water table to the base of the water-bearing zone Two wells will be 

installed d the saturated thickness is greater than 10 feet and less then 30 feet One of the two wells will be 
completed at the water tabie as described above, and a second well will be completed across the lower part 

of the water bearing unit If a saturated thickness greater than 30 feet is encountered, a third well will be 

completed at the base of the water bearing unit In additmn, a bedrock well will be installed if a subcropping 1 
I sandstone is encountered Source characterization well locations are discussed in the following sections 

5 3 1 903 Pad Area 

IHSSs of the 903 Pad Area are shown in Figure 1-5 Specdic source sampling activities for sites within the 903 

Pad Area are discussed below for the 903 Drum Storage Site, 903 Up Site, Trench T-2 Reactive Metal 

Destruction Sde, and Gas Detoxlfication Site 

903 Drum Storaae S he (IHSS Ref No 112) 

In order to characterize the vertical and horizontal extent of radionucilde and solvent contamination beneath 

the 903 Pad, 13 boreholes (BH0191 through BH1391) are proposed within and immediately adjacent to the site 

These boreholes have been located in areas which contained drums as well as in areas which historically dld 

not contain drums (Figure 5-1) 

In order to characterize the ground water beneath and adjacent to the 903 Pad, aliuvlal monitonng wells 69-91 

through 77-91 will be installed adjacent to boreholes BH0191, BH0291, BH0491, BH0591, BH0691, BH0891, 

BH1191, BH1291, and BH1391, respectwelv 
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Figure 5-1 Proposed borehole and monitor well locations for 903 Pad drum storage she e 
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903 Lip Site (IHSS Ref No. 155) 

Boreholes will not be drilled specifically for source characterization of the 903 Up Site as surficial radionuclides 

are the contaminants of concern Therefore, surficial soil sampling and radionuclide analyses will be 

I performed in the area This sampling is discussed in Section 5 4 

I Trench T-2 Site (IHSS Ref No 109) 

One alluvlal well/borehde pair (78-91/BH1491) will be drilled through the east end d Trench T-2 to 

characterize the contents and dimensions of the site (Plate 1) Barrels are known to be pre88nt at the west 

end of the trench, so no borehole will be drilled in this area Well 78-91 will be completed as a collwlal 

monitoring well in order to sample ground water directly beneath this site 

In addttion to well/borehole 78-91/BH14911 boreholes BH1591, BH1691, BH1791, BH1891, and BHl991 will 

be drilled around Trench T-2 to verify ds location, and to evaluate the extent of soil contamination in the area 

Colluvial momtoring wells 79-91 and 80-91 will be installed adjacent to borehdes BHl691 and BHl991, 

respectively, to monttor water quahty upgradient and downgradient of Trench T-2 

@ Reactive Metal Destruct ion Site llHSS Ref No 1w 

Three boreholes (BH2091, BH2191, and BH2291) will be drilled within the Reactive Metal Destruction Site to 

further characterize this source and the extent of soil contamination Boreholes BH2391 and BH2491, 

downgradient of the site, will be drilled and sampled to evaluate the extent of soil contamination in the area 

Colluvial monttoring wells 81-91 through 85-91 will be completed adjacent to boreholes BH2091 through 

BH2491, respectlvely, to monitor water quality within and downgradient of the site (Plate 1) 

Gas Detoxification Site llHSS Ref No 18a 

A boring (BH4691) will be drilled wtthin the Gas Detoxification Stte to characterue the potential source 

Colluvial monitor well 106-91 will be installed adjacent to borehole BH4691 to investigate ground-water quality 

beneath the site 
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5 3 2 Mound Area 

IHSSs wtthin the Mound Area are Mentlfied on Figure 1-5 Proposed well and borehde locations are shown 

on Plate 1 and summarued in Table 5-2 Details of source characterization activities planned for sites within 

the Mound Area are provtded below These include the Mound Slte, Trench T-1 , Oil Bum Plt, and the Pallet 

Burn Slte 

Mound S ite (IHSS Ref No 1 la 

Boreholes BH2591 and BH2691, are proposed wlthin the revised boundaries of the Mound Slte to characterize 

soils and any remaining wastes Alluvial monitoring wells 86-91 and 87-91 wHI be completed adjacent to 
boreholes BH2591 and BH2691, respectwely, to monitor ground-water qualtty beneath the site In addition, 

borehole BH2791 will be drilled and sampled downgradient of the Mound Site adjacent to existing wells 1-74 

and 19-87 This hde will sew8 to characterue the nature and extent of soil contamination possibly associated 

wtth the high levels of PCE and TCE detected in well 1-74 

Trench T-1 Stte [IHSS Ref No 108) 

No boreholes are proposed wdhin Trench T-1 because of the ubiquitous presence of barrels However, 

additional alluvial ground-water monltonng wells are proposed adjacent to the trench as discussed in Section 0 

5 2 1 2  

Oil Burn Pit No 2 Site (IHSS Ref No 153) 

This stte was removed in the 1970s and Its location IS currently covered by the PSZ fence which is Inaccessible 

for securdy purposes Therefore, no additional boreholes are proposed for source characterization of this site 

Addttional monttor wells upgradient and downgradient of the Oil Burn Pit She are discussed in Section 5 2 1 2 

Pallet Burn Site (SWMU Ref No 154) 

The western-most of the two possible locations for this sde IS located within the PSZ fence As this area is 

inaccessible and boreholes were drilled adjacent to this stte during the Phase I RI, no adddional boreholes are 

proposed However, an addttional borehole (BH2891) will be drilled in the possible eastern location of the 

Pallet Burn Stte identtfied from historical aerial photographs This borehole will aid in verifying the location of 

IHSS 154 
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5 3 3 East Trenches Area 

IHSSs wtthin the East Trenches Area that will be investigated as part of this source characterization study 

include Trenches T-3 to T-1 1 and the two East Spray Fields 

Trencher T-3 Throwh T-11 (IHSS Ref Nos 110. 111 1 throw h 111 8) 

As shown in Figure 1-5, IHSSs within the East Trenches are closely spaced and portions d the trenches are 

occupied by barrels Location of boreholes and monrtoring wells are presented in Plate 1 and summarized 

on Table 5-2 

The boreholes proposed within the East Trenches are located in portions of the trenches devoid of barrels 

Boreholes wtthin the trenches will not only provlde waste and source characterization, but also details on the 

construction of the trenches Alluvial monrtoring wells will be completed adjacent to all of the borehdes 

These sampling locations are discussed below 

Five boreholes will be drilled through the northern trenches in areas not containing barrels Borehole BH2991 

will be drilled through the western end of Trench T-3 which is devoid of barrels, and boreholes BH3091 and 

BH3191 will be drilled through Trench 1-4 Boreholes BH3291 and BH3391 will be drilled at the ends of Trench 

T-1 1 outside of the area containing barrels Trench T-10 is filled vvlth barrels, therefore, no boreholes will be 

drilled into this IHSS Alluvlal monltoring wells will be completed adjacent to all of the source characterization 

boreholes in the northern trenches (wells 88-91 through 92-91) 

Nine boreholes (BH3491 through BH4191) will be dnlled and sampled in portions of the southern trenches 

devoid of barrels (Table 5-2) All of these boreholes will have alluvial monitonng wells (93-91 through 100-91) 

completed adjacent to them to characterize alluvlal ground-water quality immediately beneath the sites 

East Sprav Field (IHSS Ref Nos 216 2 and 216 3) 

Four boreholes, BH4291 through BH4591, are proposed wrthin the boundaries of the East Spray Field to 

characterize soils Alluvial monttoring wells (wells 101-91 through 104-91) will be completed adjacent to all of 

the source characterization boreholes 

5 4 SURFlClAL SOILS SAMPLING PROGRAM 

The contamination of surficial soils around Rocky Flats Plant by plutonium (Pu) oxides was mainly caused by 

leaking barrels of plutonium-contaminated oil in the area known as the 903 Pad (Krey and Hardy, 1970) 
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Numerous studies (Krey and Hardy, 1970, Seed, et ai , 1971, Poet and Martell, 1972, Johnson, et ai , 1976, 

Little, 1980, Little, et ai , 1980) concluded that surficial soils in the area east of the 903 Pad are contaminated 
with plutonium and americium (Am) due to wind dispersal of soil partides during deanup operations More 

recently, the Phase I Ri of the OU No 2 (Rockwell International, 1987a) found that the COncentratiOnS of 

plutonium and amenciurn were elevated in composite soil samples adjacent to Trench 1-2 (BH25-87, BH26-87, 
and BH27-87) and the Reacttve Metal Destruction Site (BH28-87) 1-1 (boreholes BH3!5437 and BH36-87) in 

addition, the Phase I Ri found occasional elevated concentrations of plutonium (> 0 05 pCI/I) in flltered and 

unfiltered surface water samples from seeps (SW-So, SW-53, and SW-54) and in atream d imer&  (> 0 9 

pCi/g) along Woman Creek (SED-25, SED-26, SED-29, and SED-30) It has been suggested that the sourcg 

of the contaminated sediments is the surface sols from the 903 Pad Arm whkh are tmmported by wind 

However, the elevated concentrations of plutonium in filtered and unfiltered seep waters above Woman Creek 

suggest that some of the plutonium may travel in surface and ground water Also, sdl sampling results 

indicate that the actinides are enriched near the ground surface Further investigation is necessary to 

characterize the transport mechanisms that contrd the spatial and vertical distribution of these radionuclides 

The objectwes of the proposed work plan for the surficial soils are to determine the spatW and vertical extent 

of plutonium and americium in soils of the remedial investigation areas, and in the buffer zone, to study the 

physicochemical association of plutonium and americium in surficial sols (static and mobile soil phases) above 

seeps SW-50, SW-53, and SW-54, to study the movement of both water and radionudides (colloidal and 

dissdved) down the soil column, and, to ascertain the hydrogeochemical relationships between the soil 

interstR&i water and the seeps downslope A detailed sampling plan for surficial soils is provided in Attachment 

10 

5 4 1 Spatial Distribution - Sampling 

in order to assess the extent of plutonium and amencium in surficial soils within the plant boundaries, soil 

samples will be collected across the area identified in Figure 5-2 consisting of approximately 800 acres Figure 

5-2 was constructed based on review of previous investigation results, data analysis of unpublished material, 

and radiological surveys The geostatistical analysis of previous investigation results are presented in the 

surficial soil sampling plan (Attachment 10) The State of Colorado requires special techniques for 

construction on lands with plutonium concentrations greater than 0 9 pCi/g of dry soii To evaluate the soil- 
plutonium values relatwe to this guideline, the CDH sampling protocd wiii be used 
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The CDH sampling protocol requires 25 subsamples to be composked within a lo-acre area for plutonium and 

americium analysis Because of the large variations in soil-plutonium near the source area, a 2 5-acre grid will 

be sampled immediately east of the 903 Pad and around the East Trenches Area (Figure 5-2) This sampling 

design will serve two purposes (1) to increase the confidence in soil-plutonium estimates around the 903 Pad 

and East Trenches Areas, and, (2) to expand the number of soil data for kriging estimates The soil sampling 

in the 2 5-acre areas will consist of 25 subsamples for plutonium, americium, and uranium determination The 

soil sampling in the 10-acre grld areas will also consist of 25 subsamples for plutonium and americium 

determination The northwest comer of each grid will be surveyed and identified with an appropriately marked 

steel post Grlds will be oriented on the cardinal compass directions The 25 subsamples for each composke 

sample will be located with a hand held compass and tape measure using the northwest comer as the starting 

point Additional 10-acre plots will be added If large concentrations of plutonium and americium are detected 

north of the Mound Area 

5 4 2 Vertical Distribution - Sampling 

Twenty-three soil profiles will be excavated, descnbed, and sampled in order to assess the vertical distribution 

of plutonium-239,240 and americium-241 in soils east of the Rocky Rats Plant Ten soil profiles will be 

excavated in the immediate vicinity of the 903 Pad, East Trenches, and seep SW-53, and an additional 12 soil 

profiles will be excavated according to soil types, direction, and distance from the 903 Pad The approximate 

locations for the proposed soil profiles are depicted in Figure 5-2 The soil profiles will be dug in undisturbed 

or the least disturbed sRes which are characterued by the natural short grass prairie, pasture, and valley side 

vegetation (Clark, et al , 1980) The exact location of the soil profiles will be determined in the field using aerial 

photographs, soil and topographic maps, radiological surveys, and common sense Transport of soil-plutonium 

in the soil environment is highly affected by soil type, moisture content, texture, structure, and particle 

characteristics such as shape, density, and cohesiveness (Burley, 1990) Hence, all the major soil types east 
of the 903 Pad (Table 2-2) will be sampled 

Surficial soil samples from the 23 soil profiles will be collected using a modified trench method (Harley, 1972) 

This method involves digging a trench with a backhoe or shovel 1 5 m long, 1 0 m wide and 1 0 m deep One 

wall of the trench will be dug as a block/stair case (15 cm height each) to minimize cross contamination The 

vegetation at the surface of the selected wall will be cropped closely to the surface and discarded The soil 
morphology will be described according to the standard operating procedures for logging alluvlal and bedrock 

material (SOP 3 1 EG&G 19901) The soil will be sampled at intervals of 3 cm starting at the deepest 

block/stair in a given pit Soil samples will be collected using a stainless steel scoop and template (3 cm x 
20 cm) which will be pressed into the wall of the block/stair case Three samples from each depth will be 
consolidated to provide a better representation of the site and to produce enough soil material for the various 
chemical analyses described in the following sections After a sample has been collected, the soil layers below 
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fi will be cleared of sloughed matenal to prevent possible contamination from the upper soil layers A Rag wlll 

be placed on the ground surface of a glven pit and the depth below surface for each sample will be measured 

from the base of the flag Each pit will be backfilled with the original soil mlxture removed during the 

excavation 

5 4 3 Static Phase Physicochemical Association of Plutonium and Americium 

The physicochemical assoclation of plutonium and americium in the soils east of the 903 Pad will be studied 

using a sequentlal extraction methodology The soils will be extracted into four major physicochemical 

fractions - carbonates, organics, sesquioxtdes, and residues This partitioning is described below (Static Soil 

Phase - Proposed Work) and Attachment 1 0 Transport mechanisms of actinides In the sol profile will also 

be evaluated (mobile soil phase) Methods used to determine these leaching mechanisms include the 

collection of soil interstitial water and surface runoff water, recording preciptation events, and hydrologic rain 

model simulation These methods are described in Section 5 4 4 and in Attachment 1 0 

5 4 3 1 Static Soil Phase - ProDosed Work 

Plutonium determination in the static soil phase will be performed on four sequential selective extracts in 

triplicates to assess the physicochemical assoclation of plutonium This is accomplished by partitioning each 

pedologic sample into the four fractions described below calcium carbonate (CaCO,), organic carbon (C), 

sesquioxides, and residue (Figure 1-9 of Attachment 1 0) In this study of the static soil phase, the gamma 

emming isotope, plutonium-237 will be used as a tracer to assess the degree of post-extraction readsorption 

of plutonium isotopes (plutonium-239,240) during the various extractions performed on the soils In addition, 

the sequence of extractions, shown in Figure 1-9 of Attachment 1 0, will be modified to test the uniqueness of 

an individual extraction 

5 4 3 2 Partltioninm of Soil Fractions 

Fraction 1 Carbonates In the soil environment, carbonates are susceptible to changes in pH which will 

induce the release of adsorbed plutonium Carbonates will be removed by 0 5 mdar (M) sodium acetate-acetic 

acid buffer solution (NaC,H,O,H,O), adjusted to pH 5 This buffer treatment removes metals held in 
carbonates (coprecipitate with carbonates and/or adsorbed by iron and manganese oxides which have 

precipltated onto the carbonates) (Jenne, 1977) This buffer apparently does not attack the resistant 

sesquioxide phases to any great extent and leaves the lattice structure of silicate minerals intact (Chao, 1984) 

Fraction 2 In natural condnions organic carbon IS gradually decomposed, which may lead to 

release of soluble and colloidal plutonium The organic carbon will be extracted by NaOCl at pH 9 5  

Oraanic 
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Lavkulich and Wiens (1970) removed up to 98 percent of the oxidizable organic carbon from 16 soil samges 

by three successwe extractions with sodium hypochlorite The sodium hypochlonte treatment is the prderakde 

solution for extracting plutonium from soil organic matter because it does not appear to dissdve sesquioxide 

phases It should be noted, however, that sodium hypochlorite will attack sulfides that may be present in the 

sample 

@ 

Fraction 3 Semioxides Sesquioxides are excellent scavengers of trace metals and are extremely unstable 

under anoxic conditions There are various techniques to extract iron, manganese, and aluminum oxides in 

soils These methods were developed to selectnrely dissdve the various mineralogical forms and degree of 

fineness of the sesquioxldes present in soils In the context of the proposed study, the citrate-brbonate- 

drthionite buffer method (Jackson, et al , 1986) is superior to other methods because it dissolves amorphous 

sesquioxides completely whereas the highly crystalline sesquioxides (e g , hematite and goethite) will be 

partially dissolved The degree of dissolution of the highly crystalline sesquioxdes is dependent on the 

crystallinrty and the fineness of grinding of the oxldes Hence, in order to obtain complete dissdution of 

crystalline sesquioxides, the soil samples will be finely ground and three multiple extractions will be performed 

Fraction 4 Resdue After removal of the above chemical phases from the soil sample, the residue consists 

of silicates and some other resistant mineral species such as ilmenite and magnetite The residue will be 

dissolved by strong digestion with hydrofluonc acid (HF) in conjunction with perchloric acid (HCIO,) 0 
Experimental Conditions 

Bound to Carbonates The soils will be extracted for 5 hours with 20 mP of 1 M sodium acetate- 

acldic acld solution adjusted to pH 5 0  Detailed description of this extraction is given by 

Nelson (1982) 

Bound to Organics The residue from (a) will be extracted for 5 hours with 20 mP of 1M 

sodium hypochlorite solution adjusted to pH 9 5 Detailed description of this extraction is given 

by Hoffman and Fletcher (1981) 

Bound to Sesquioxides The residue from (b) will be extracted for 6 hours with 100 mP of 0 3M 

sodium citrate mixed with 1 M sodium carbonate solution and appropriate amounts of sodium 

drthinite and sodium chlonde salts This extract will be repeated three times to assure almost 

complete dissdution of highly crystalline iron oxdes Detailed descnption of the extraction is 

glven by Jackson, et al (1986) 
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(d) Residual The residue from (c) will be digested by a 5 1 mixture of hydrofluoric and perchloric 

aclds For a 1-g (dry weight) sample, the soil will be first digested in a platinum crucible with 

a solution of concentrated HCIO, (2mP) and HF (10mP) to near dryness Subsequently, a 

second addltion of HCIO, ( lml)  and HF (10mP) will be made, and again the mixture wUl be 

brought to near dryness Finally, HCIO, (1 mi)  will be added and the sample will be evaporated 

until the appearance of white fumes Further details of this extraction is given by Urn and 

Jackson (1982) 

After each extraction the sample will be centrifuged at 10,OOO revolutions per minute (rpm) for 30 minutes 

The supernatant will be removed with a pipet and prepared for plutonium analysis The residue will be washed 

with 10 mP of deionized water to remove residual salt from the previous extraction The volume of the rinse 

water will be kept at a minimum to avold excessive solubilization of organic matter 

5 4 3 3 Tracer Study 

Spikes of plutonium-237 will be added to soil samples (triplicates) before each extract step (Flgure 1-9, 

Attachment 1 0) The percentage of spike recovery and possible readsorption of the tracer will be carefully 

determined In case of serious postextraction readsorption (> 15 percent) the selectwe sequential extraction 

will not be performed In case the selective sequential extraction procedure is rejected, samples collected from 

plts XI to X5 will only be analyzed for total plutonium-239, and 240 and americium-241 

5 4 4 Mobile Soil Phase - Physicochemical Association of Plutonium and Americium 

The mobillty and the environmental fate of actinldes in soils are usually studied by extracting the soil matter 

In general, these analyses fail to provlde important information regarding the transport mechanisms of 

pollutants wlthin the soil column Hydrological analysis of the frequency, duration and intensity of summer 

precipltation events and spring snowmelt events, coupled with direct measurements of sdute transport in soils 

will provide essential information to assess the form and magnitude of actinde movement in soil 

5 4 4 1 Obiectives and Hvootheseg 

The objectives of the proposed mobile soil phase work are to 

0 Estimate the importance of vertical flow in the soil environment upslope from seep SW-53 
during and after major precipitation events 

Assess the relationships between soil-plutonium in the interstltial waters and plutonium in the 
seep SW-53 
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The proposed design is based on three hypotheses 

Leaching episodes in the soils will transport solute and colloidally-bound actinides down the soil 
column 

Freely flowing waters in the soil environment will carry dtfferent actinide concentrations than soil 
solutions collected at higher matrix potentials 

0 The occasional elevated concentrations of plutonium in seep SW-53 were odginated by vertical 
leaching of plutonium from the soil environment upslope 

5 4 4 2 Mobile Phase - Prooosed Work 

Testing these hypotheses will require in situ sampling of soil interstitial waters over time More specifidly, it 

will be necessary to develop a fully-automated, remote-controlled SOU solution sampling system that is capabh 

of (a) collecting freely flowing water [0 to 5 klloPascals (kPa) matrix potential] mainly via macropores, (b) 

collecting soil solutions flowing in micropores at higher matrix potential (5 to 40 kPa), and (c) provlde accurate 

and timely measurements of incoming precipitation This apparatus will consist of five major modules 

0 An automated zero-tension sampler in which freely flowing water, mainly in macropores (formed 
by frost heave cycles and swelling and shrinking of days), will be accurately collected for 
assessing the subsurface flow dunng and after major precipitation events 

0 A fluxmeter which will prwde the unsaturated flux as the soil dries out as well as soil solutions 
for radiochemistry analyses 

Tipping bucket rain gauge 

Time domain reflectometry (TDR) soil moisture probes which will measure In sku soil water 
content 

0 Telemetry communication which will send the data collected in the field to a base station at 
T130B (Figure 1-10, Attachment 1 0) 

The vertical water flow data obtained in situ will be used to test the infiltration rates and flow estimates 

calculated by the unsaturated flow model, being developed by CSU (mM-lQW), for the area east of the 903 

Pad The chemical characterization study will include (1) total concentrations of plutonium and americium in 

soil interstnial waters that move freely (0 to 5 kPa) down the soil column and (2) fractionation of actinides in 

colloidal and dissolved [ < 0 1 micrometer (pm)] phases in freely flowing waters (0 to 5 kPa) and various matrix 

potentials (5 - 10, 10 to 30, and 30 to 50 kPa) 

The chemical characterization will be performed using zero-tension samplers and fluxmeters The zero-tension 
sampler will be made of 40 cm segments of plexiglass (25 cm width) with one end plugged with a plexiglass 
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stopper containing a collecting tube and the other end sharpened The sharpened end will be driven into the 

western pit face with a mallet to a depth of 40 cm to ensure minimal structure and textural disturbance to the 

soil The water sampled by the zero-tension sampler will be collected by a 2 liter (L) bottle mounted on a load 

cell The temperature of the soil interstitial waters and the soil matrix will be measured by a temperature probe 

The temperature and amount of water In the collection bottle will be slmultaneously transmitted to a data 

logger 

The transmlned information will be transferred daily to the base station vla telemetry Sending the data via 

telemetry to the base station (Tl30B) will provide crucial information regarding the time and frequency of field 

sampling 

The soil test pds will be refilled after access tubes are inserted to prevent convergence flow and to minimize 

further disturbance The zero-tension soil solution samplers will be installed updope of seep SW-53 every 10 

to 15 cm down the soil column to the depth of the caliche horizon or other semi-impermeable layer in the five 

soil profiles (sde X1 through X5, Figure 5-2) 

The fluxmeter consists of three components a Teflon cylinder soil water sampler which is treated wlth silica 

to reduce hydrophobicty, three TDR soil moisture probes, and a portable vacuum pump with a buffer 

container Each Teflon sampler will be installed with three TDR soil moisture probes around it and connected, 

via Teflon tubing, to a 2 L collecting bottle equipped with a speclal screw cap of polyethylene wtth a teflon 

gasket and flnings The 2 1 collecting bottle will be restding inside a thermo-box which will minimize 

temperature fluctuations in the field Two types of Teflon cylinder soil water samplers will be used a teflon 

cylinder wdh an average pore slze of 10 pm for sampling large water volumes during short flow episodes, and 

a teflon cylinder wdh an average pore size of 5 pm for normal operational conddions Ten Teflon cylinder soil 

water samplers will be installed at five different depths in each pd (X1 through X5 of Figure 5-2) excavated for 

the zero-tension sampler The Teflon cylinder soil water samplers will be installed into the face of the soil pit 

using a stainless-steel rod The soil moisture probes will be connected VI coaxial cable to a Tektronix cable 

tester, equipped with a communication interface, to a datalogger (Figure 1-1 1 of Attachment 1 0) Once the 

soil moisture of the soil exceeds a pre-set value the vacuum pump will be actlvated to produce an equhlent 

vacuum inside the tension sampler The equivalent vacuum will be derlved from the linear relationships 

between soil moisture and matrix potentlal values in the range of 0 1 to 50 kPa 

The soil interstltial waters collected by the zero-tension samplers and the tension samplers will be filtered on 

the day of sampling using 0 45 and 0 1 pm Millipore filters The total collodal bound plutonium will be 

determined from the material that was retained on the filters The dissolved plutonium wll be determined from 

the water that passed through the filter 

Final Phase II RFl/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches 
Rocky Flats Plant Golden Colorado 
egBg\903pad\ou2 ph2\feb\sec 5 new 

Revision 1 
28 February 1991 

Page 5-28 



The frequency, duration and intenslty of summer precipitation will be determined by a tipping bucket rain 

gauge This rain gauge is an integral part of the proposed apparatus and will be mounted in the middle of the 

transect The rain gauge will simultaneously transfer the data to the data logger which will transmit this 

information VI telemetry to the base station in T130B The amount and nature of precipitation and SOU water 

flux will be recorded and checked daily The frequency of field sampling will be determined on the basis of 

the transmitted data This data will be used to prepare a precipitation model for hydrologic simulation and 

analysis 

The amount of water that can be collected by this apparatus in Rocky Flats Plant sols Is currently unknown 

One to two liters of interstitial waters were collected every week during snowmelt and after every major 

precipttation event in forested and alpine ecosystems using a simplified version of the proposed apparatus 

(Lttaor, 1988) Hence, two rain simulation experiments will be conducted before the beginning of the 

precipttation season The first experiment will be used to verify that all the components of the apparatus are 

interfacing and communicating with each other and the base station Calibration of the load cells and the TDR 

soil moisture probes will be performed during the first rain simulation experiment The magnitude and duration 

of the second simulated rain will be determined by reviewing precipitation data collected at Rocky Flats Plant 

in the last flve years to determine the magnitude and frequency of the storm events Soil solution collected 

during the second simulation experiment will be submitted for radionuclides analyses 

5 4 4 3 Rain Simulation 

The importance of hydrologic model simulation of rain and snow precipitation in the proposed work can be 

summarized as follows (1) rain simulation yields more rapld results, especially in the testing of the extreme 

conddions (e g , rainfall in arid and semi-arld conditions), and, (2) rain simulation is more controlled inasmuch 

as one can take appropriate measurements with selected intensities and durations The rain simulator 

described by Ghodrati et al (1990) will be used in the proposed work This rain simulator can employ spatially 

uniform application of water to small plots (1 to 2 m2) The simulated rainwater will have the same ionic 

strength as the average rainwater observed at Rocky Flats Plant 

5 5 FIELD AND ANALYTICAL LABORATORY PROGRAMS 

Field testing will include headspace tests for organics, gross alpha and beta radiological tests, geologic 

logging photography, and hydrologic tests All of the above are field screening and data logging activities 

described in the SOPS The hydrologic testing will be conducted as proposed below All of these data will 

be incorporated into the EG&G Rocky Flats data base 
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5 5 1 Hydraulic Testing Program 

Three multbwell pumping and tracer tests will be performed to evaluate the hydraulic properties of the 

subsurface materrals at the 903 Pad, Mound, and East Trenches Areas The goals of the program are to 

Develop parameters for rate of movement calculations (hydraulic conductivity and effectbe 
porosity) for both the bedrock and alluvial matellals 

0 Evaluate the degree of connection between the alluvium and the bedrock (both sandstone and 
claystone) 

0 Develop parameters for estimation of production rates from remedial groundwater collection 
systems 

The testing program has been designed based on the hydrogeologic model of the subsurface described in 

earlier sections of this plan Three distinct hydrogeologic situations are present in the upper HSU at the 903 

Pad, Mound, and East Trenches Areas 

1) The Rocky Flats Alluvium is unsaturated and is directly underlain by the of the Arapahoe 
Number One Sandstone Formation (saturated) 

2) The Rocky Flats Alluvium is directly underlain by the Number One Sandstone and both are 
saturated 

3) The Rocky Flats Alluvium is saturated and is underlain by claystone of the Arapahoe Formation 

Hydrologic pumping tests have been designed to evaluate hydraulic conductnrity, storage properties, and the 

effecttve porosny for each of these situations Schematics of the subsurface conditions and test well layouts 

are shown on Figure 5-3 

Detailed designs for each of the hydrologic pumping tests are presented below, however, before the tests are 

actually performed, the production wells will be installed and tested (stepdrawdown or other single hde 

technique) to establish better estimates of the hydraulic properties at the test locations The hydrologic tests 

will then be re-evaluated and possibly redesigned (observation well locations, pumping rates and duration of 

pumping) After re-evaluation of the test designs, the observation wells will be installed and the hydrologic tests 

will be performed All water produced during the hydrologic pumping testing of the production wells will be 

stored in tanker trucks and reinjected into the production well from which the water was produced 
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5 5 1 1  Case 1 Unsaturated Alluvium over Saturated Sanddong 

A multi-well pumping test followed by a converging radial tracer test wlll be performed at the T-1 location 

shown on Piate 1 An array of one production well and four observation wells will be completed in the Number 

One Sandstone The observation wells will be located at distances of 5,10,20 and 40 feet from the production 

well (Figure 54) 

lnttial pump rates will be determined by using Theis (1935) and hydraulic properties developed in the Phase 

I RI (hydraulic conductivity of 4x104 cm/s, storage coefficient of 0 1 and saturated thickness of 15 feet) A 

steady pumping rate of one gpm IS estimated for wells at the T-1 location If the test array is located 

approximately 40 feet from the edge of the sandstone channel, significant interference from the boundary 

(adddive drawdown of 0 5 feet) should be observable in the most distant observation well after five days of 

pumping All produced water (7,200 gallons) will be stored In tanker trucks and then reinjected into the 

production well at the end of the recovery period (see below) 

Immediately following the five days of steady pumping, a converging radral tracer test will be performed by 

injecting rhodamine-WT dye into the observation well located five feet from the production well (steady 

pumping will continue throughout the tracer test) It is anticipated that the 50 percent concentration (C,) wlll 

arrive at the production well approximately ten hours after introduction of the fluorescent dye The entire pump 

test will require approximately 24 hours to complete The tracer test results will be analyzed using methods 

described by Sauty (1980) 

0 

After completion of the tracer test recovery of the system will be monitored for an additional SIX days 

Drawdowns in the observation and production wells will be evaluated using methods described in Bedinger 

and Reed (1988), such as Neuman (1972 and 1973) 

5 5 1 2 Case 2 Saturated Alluvium over Saturated Sanddo ne 

Two multi-well pumping tests will be performed at the T-2 location shown on Plate 1 An array of one 

production well and four observation wells will be completed in the Rocky Flats Alluvium, and a second array 

of one production well and four observation wells will be completed in the Number One Sandstone The 

observation wells in the Rocky Flats Alluvium will be located at distances of 5, 10, 30 and 75 feet from the 

production well The observation wells in the Number One Sandstone wlll be located at distances of 5,10,20 

and 40 feet from the production well (Figure 54) 
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A five day production test of the Rocky Flats Alluvium will be performed with an additional five days of 

recovery Water level responses will be measured in wells that monitor in both the alluvium and the sandstone 

A second five day production test of the sandstone will be performed with monltoring of observation wells in 

both the alluvium and the sandstone The test period will be designed based on previous pump test data A 

tracer test will not be performed as part of this test because of expected interference (dilution effects) from the 

overlying or underlying unlts 

The pumping test of the sandstone will be conducted at one gpm (see discussion of Case 1 above for 

expected production vdume and aquifer responses) An estimated steady pumping rate d three gpm flow 

from the alluvium has been calculated using the Theis Method (1935), and alluvial hydraulic properties 

developed in the Phase I RI (hydraulic conductivity of 1x10' cm/s, storage coefficient of 0 1 and saturated 

thickness of five feet) At the end of the recovery period for the second test, all produced water (22,000 gallons 

from the alluvium and 7,200 gallons from the sandstone stored in separate tanker trucks) will be reinjected into 

the production well from which the water came 

Drawdowns in the observation and production wells will be evaluated using numerical modeling techniques, 

such as Lappala, et al (1987), as well as the more standard methods described in Bedinger and Reed (1988) 

However because the hydrogeologic condnions do not meet the assumptions of the standard leakyaquifer 

analyses, It is anticipated that numerical modeling will be the effecttve method to evaluate the interconnection 

between the alluvium and the sandstone 

5 5  1 3  Case3 Sa tumted Alluvium over Clavsto ne 

A multi-well pumping test followed by a converging radial tracer test will be performed at the T-3 location 

shown on Plate 1 An array of one production well and four observation wells will be completed in alluvium 

The observation wells will be located at distances of 5, 10,30 and 75 feet from the production well (Figure 54) 

In addition, a single observation well will be installed adjacent to the production well to monnor head response 

at a depth of approximately five feet into the claystone 

An estimated steady pumping rate of three gpm flow from the alluvium has been calculated using the Theis 

Method (1935) and alluvial properties developed in the Phase I RI (hydraulic conductmy of 1x10' cm/s, 

storage coefficient of 0 1 and saturated thickness of five feet) All produced water (22,000 gallons) will be 

stored in tanker trucks and reinjected into the production well at the end of the recovery penod Using a 

simple finltedtfference evaluation, It is estimated that a water level response will be measurable in the claystone 

(0 1 feet of drawdown for a vertical conductivny of 1x10* cm/s) after flve days of pumping 
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Immediately following the five days of steady pumping, a converging radial tracer test will be performed by 

injecting rhodamine-W dye into the observation well located five feet from the production well It Is anticipated 

that the 50 percent concentration will arrive at the production well approximately one hour after the introduction 

of the fluorescent dye, and that the entire test will require approximately 24 hours to complete The tracer test 

will be analyzed using methods described by Sauty (1 980) 

After completion of the tracer test, recovery of the system will be monitored for an addkional sk days 

Drawdowns in the observation and production wells in the alluvium will be evaluated using e s  described 

in Bedinger and Reed (1988) The response of the observation well In the daystone WIN be evaluated using 

methods described in Bedinger and Reed (1988), such as Lappala, et al (1987) 

5 5 2 Ground-water Sampling Program 

Ground-water samples will be collected on a quarterly basis from all new and existing monitoring wells at the 

903 Pad, Mound, and East Trenches Areas upon completion of well development Samples wUI be analyred 

for the parameters listed In Table 5-3 during the first round of sampling after completion of new wells This 

parameter list may be reduced in subsequent quarterly sampling events if certain parameter groups are not 
detected, or are not significantly above background levels and if approved by EPA and CDH Ground-water 

samples will be analyzed in the Reld for pH, conducthrhy, temperature, and dissolved oxygen Sample allquots 

designated for metals and radionuclide analyses will be flltered with the exception of tritium All sample 

filtration and preservation will be performed in the field 

5 5 3 Borehole Sampling Program 

Borehole samples will be collected from boreholes within and adjacent to IHSSs to characterize both plumes 

and sources All borehole samples will be analyzed for the chemical parameters listed in Table 5 3  following 

CLP methods or the methods provided in the GRRASP (EG&G, 19Wk) plan These parameters are essentially 

the same as those analyzed in the Phase I RI except that OU and grease and RCRA characteristks are 

eliminated Oil and grease have not proven useful in determining extent of soil contamination, and RCRA 

hazardous waste characteristics have been within acceptable limits The TCL list for organics and the TAL list 

for inorganics are nearly the same as the previously used HSL list for organics and inorganics The physical 
properties of on-site geologic mater& will also be characterized to support the evaluation of remedial action 

alternatives Bulk samples will be collected from continuous core of alluvial wells to characterize each of the 

materials found within the 903 Pad, Mound and East Trenches Areas (Rocky Flats AllwiUm, colluvium, valley 
fill alluvium, and weathered bedrock) Specifically, ten samples of each geologic material type will be submitted 
for grain site analyses (sieve and hydrometer analyses), Atterberg limits testing, and recompacted pemeabUity 

testing to evaluate the variability of these parameters across the site 
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TOTAL UETALS 
Target Analyte List - 
Sediment and Boreholes 

AluniW 
Ant 1 m y  
Arsenic 
Bariun 
Beryl 1 fun 
C&lun 
Calciun 
Chrmiun 
Cobalt 
copper 
Iron 
L e d  
Magncs 1 un 
Manganese 
Mercury 
Nickel 
potass 1 m 
Se 1 eni un 
Silver 
Sodlun 
Thall iun 
Vanadtun 
Zinc 

OTHER l E T A l S  
Sediment and Boreholes 

Molybdenun 
S t ront i un 
Cesiun 
Lithim 
Tin 

OTHER IMOUWICS 
Sediment and Boreholes 

PH 
Sulfide 
Nitrate-Nitrite (as N) 
Percent Solids 
Cyanide 
Moisture Content 
Orthophosphate 
Bromide 
AmnonlUn 
Silica (as Si and SiO,) 

IUD 1 UTORS 
Sediment and Boreholes 

Dissolved Organic Carbon 
Total Organic Carbon 

OTHER PARNETERS 
Total Petroleun Hydrocarbons* 

lETALs 
Target AnnLyte List - 
Ground Uater (Dissolved Metals) 
mnd Surface Uater (Total and Dissolved Metals) 

Alminun 

Arsenic 
Bariun 
Beryl 1 i un 
Ca&lun 
C8tCium 
Chromium 
C h i t  
Copper 
1 ron 
Lead 
Magms i un 
Manganese 
Mercury 
Nickel 
Potassi u n  
Seleniun 
Silver 
Sodlun 
Thalliun 
V.nrdlun 
Zinc 

Ant inony 

OTHER WTMS 
Ground Uater and Surface Uater 

Molybdcnun 
Stront iun 
Cesiun 
Lithiun 
Tin 

FIELD P M T E R S  
Ground Uater and Surface Uater 

PH 
Specific Conductance 
Tanpcrature 
Dissolved Oxygen 

IlDIUTORS 
Ground Ueter and Surface Uater 

Total Dissolved Solids 
Total Organic Carbon 
Dissolved Orgenic Carbon 
PH 

Surface Uater 
I lo IUTORS 

Total Suspended Solids 

UlIaYS 
Ground Uater and Surface Uater 

Carbonate 
B 1 carbonat e 
Chloride 
Sulfate 
Nitrate as N 
Cyani de 
f luoride 
Bromide 
s i l i c a  (as Si and SiO,) 
hnonr un 
Orthophosphat e 
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1. 

TOTAL RMIOIULIDES 
Sediment and Boreholes 

Gross Alpha 
Gross Beta 
Uraniun -2338234,235, and 238 
Americium -241 
Plutoniun -2398240 
Tritiun 
Strontiun -89,90 
Cesiun -137 
Radiun -226, 288 

OllCLUlICS VOUTILES 
Target Conpound List - 
Sediment and Boreholes 

Chloranethane 
B rotnome t hane 
Vinyl Chloride 
Chloroetham 
Methylene Ch lor i de 
Acetone 
Carbon Disulfide 
1,l-Dichlorocthene 
1,l-Dichloroethane 
total 1,2-Dichloroethene 
Chloroform 
1 I 2-0 i ch I oroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetote 
Bromdichloromethane 
1,l I 2,t-Tetrachloroethane 
1,2-Dichloropropane 
trans- 1 ,3 - D i ch 1 oropropene 
Trichloroethene 
Dibromachlorancthane 
1,1,2-Trichlorocthane 
Benzene 
cis-1,3-Dichloropropene 
Bromoform 
2-Hexenonc 
4-Methyl 2-pentenone 
Tetrechloroethene 
Toluene 
Chlorobenzene 

OTHER PAIMET€RS 
G r d  Yatcr 

DISSOLVED MDIQUCLXDEP 

Total Pctrolem Hydrocarh8 

G r d  Yater and Surface Yatw 
Gross Alpha 
Gross Beta 
Uranim -233&234,235, nd 238 
kuriciun -261 (wr fm wter only) 
Plutonirm -239k260 (ubrfmce water only) 
Tritiu 
Strontiu -89,90 
Cesiu 137 
Rdiu 226,228..* 
Tritiun 

TOTAL MDIQllCLIDES 
Surface Uater 

Uranim -2338234,235, and ZUI 
P lut oni m - 2396240 
hriciun -241 
CWlum -137 
Strontiun -89,90 
Radium -226,228** 
Tritiun 

G r d  Uater 
Plutonim -2396210 
Americim -241 
Tritiun 

ORGUICS: -TILES 
Target Canpoud List - 
Ground Uater and Surface Uater 

Chloromethane 
EroAlonrthane 
Vinyl Chloride 
Ch lorocthane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
Ill-Dichloroethene 
1,l -Dich lorocthane 
total 1,2-Dichloroethm 
Chloroform 
lI2-Dichloroethane 
2-Eutanone 
1,l I 1 -1richloroethmc 
Carbon let rach lor ide 
Vinyl Acetate 
Branodich loromethane 
1 ,1,2,2-Tetrachlorocthane 
1 ,2-Di ch loropropane 
trans- 1,3-01 ch loropropefw 
Tri chlorocthene 
Di branoch loromethane 
1 , 1 ,2-Tr i ch 1 orocthane 
B m z U W  
cir-l,3-Dichloroprop.m 
Branoform 
2 - H e x a m  
l-Methyl-2-pmtanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
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ORWICS VOUTILES (continwd) 
Target Conpound List - 
Sediment and Boreholes 

Ethyl Benzene 
Styrene 
Total Xylenes 

ORGAYICS SEMI-MUTILES 
Target Carpod List - 
Sediment and Borehole 

Pheno 1 
bis(2-Chloroethyl )ether 
2-Chlorophenol 
1,3-D1 chlorobenzene 
1,4-Dichlorobentene 
Benzyl Alcohol 
1,2-D i ch Lorobenzene 
2-Methylphenol 
bis(2-Chloroioopropyl )ether 
4 -Me t hy 1 pheno 1 
N-Nitroso-Dipropylmine 
Hexach loroethane 
Nitrobenzene 
I sophorofw 
2-Nitrophenol 
2,4-D imethylph-1 
Benzoic Acid 
bi s(2-Ch1oroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trich\orobenzene 
Naph the 1 ene 
4-Chloroaniline 
Hexachlorokrtadiane 
4-Chloro-3-nrthy~phe~~(pra-chloro- 

meta-cresol) 
t-Methyl~thr\ene 
Hexach lorocyc lopentadi ene 
2,4,6-Trichlorophenol 
2,4,5-Tr i ch 1 orophmol 
2-Chloronaphthalm 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
3-Ni troaniline 
Acenaphthene 
2,4-Dinitrophmol 
4-Nitrophmol 
D i benzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl Phenyl ether 
F luorcne 
4-Nitroaniline 
4,6 Dinitro 2-mthylphcnol 
N - n i t rosodi pheny 1 ami ne 
4 Bromophenyl Phenyl ether 
Hexech lorobentenc 
Pentachlorophenol 
P henan t h rene 
Anthracene 
Di-n butylphthalate 
Fluoranthene 
Pyrene 
Butyl Benzylphthalate 
3,31-Dichloroknzidine 
Benzo(e)anthracene 
bis(2-ethylhexyl)phthalate 

ORGAYICS: WIATILES (continued) 
Target Caapwnd List - 
G r d  Uater and Surface Uater 

Ethyl Benzene 
styrene 
Total Xylenes 

ORWICS: LEWI-v#ATUS 
Target Carpovd List - 
G r d  Uater md Surface UatemH 

Phenol 
bir(2-Chloroethyl Mthw 
2-Ch lorophenol 
1,3-Dichloroknrene 
1,4-Dichlorokntm 
Benzyl Alcohol 
1,2-Df chlorokmrm 
2-Methylphenol 
bi s(2-Ch Loroi sopropy1 )ether 
4-Methylphenol 

Hexachloroethane 
Ni trobentene 
Isophorone 
2-Ni trophmol 
2,4*Diatthylph~i01 
Benzoic Acid 
bi o(2-Ch 1oroathoxy)nrthuK 
2,4-Dichlorophenol 
l,2,~-lrichlorobenrene 
Naphthalene 
4-Chloroani line 
Hexachlorokrtrdi ene 
4-Ch 1 oro-3-nathylphenol (para-chloro-Rata- 

2-Methy\naphthr\ene 
Hexach lorocyc lopentrdi ene 
2,4,6-7 r i chl orophmol 
2,4,5 - Tr i ch 1 orophenol 
2-Chloronaphthalme 
2-Ni troini 1 ine 
Dimethylphthalate 
Acrnrph t h y 1 ene 
3-Ni troani 1 ine 
Acmrphthanc 
2,4-Dini trophmol 
4-111 trophmol 
D I bentof w a n  
2.0-Dinftrotolurnc 
2,6-Dini trotolucm 
Diethylphthalate 
4-Chlorophenyl Phenyl ether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-mcthylph~l 
N-nitrosodiphenylmine 
4-Branophenyl Phenyl ether 
Hexachlorobenzm 
Pmtach lorophmol 
Phenanthrene 
Anthracene 
Di-n-krtylphthalate 
F lwranthma 
Pyranc 
Butyl Benrylphthalrte 
3,3~-Dichlorobenzidine 
Benzo(a)anthracene 
bis(2-ethylhexyl )phthalate 

N-Nitroso-Dipropylunine 

cresol 1 
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ORGAWIM: SBIII-y#ATILES (continued) 
Target Conpoud List - 
Sediment and Borehole 

Chrysene 
Di -n-octyl Phthalate 
Bmzo(b)flwranthme 
Benzo( k) f luoranthene 
Bmzo(a)pyrene 
1 &no( 1,2,3-cd)pyrene 
Di benz(a, h)anthracme 
Bmzo(g,h,i)perylene 

ORGANICS PEsTlclDEs/pcB. 
Target Coapovd List - 
Sediment and Boreholes 

alpha-BHC 
beta-BHC 
delta-BHC 
g m - B H C  (Lindane) 
Heptach 1 or 
Aldrin 
Heptachlor Epoxide 
Endosulfan 1 
Dieldrin 
4,4' -DDE 
Endr i n 
Endosutfan 11 
4,4' -DDD 
Endosulfan Sulfate 
4,4'-DDT 
Endrin Ketone 
Methoxychlor 
alpha-Chlordane 
gama-Chlordane 
Toxaphene 
AROCLOR-1016 
AROCLOR- 1221 
AROCLOR- 1232 
AROCLOR- 1242 
AROCLOR - 1248 
AROCLOR-1254 
AROCLOR-1260 

WRFlCIAL SOIL W L E  PARNETERS 
Total Organic Carbon 
Organic Carbon Extraction***** 
Carbonate 
Carbonate Extraction***** 
Sesquioxide Extraction***** 
Residual Extraction***** 

QWICS: soII-rouTILEs (continusd) 
Target Colpoud List - 
G r d  Uater ud Surface Uater**** 

Chrysm 
Di-n-octyl Phthalate 
Bmzo(b) f LuorMthm 
Benzo(k)f Luorvrthene 
Bmto(a)pyrm 
I n d m O ( l , 2 , 3 - d ) ~ ~  
Diknr(a, h ) m t h r r m  
Benzo(g.h,i )p.ryhna 

ORWICS: PEITICIDES/PoI 
Target C o l p o u d  Lf8t - 
Groud Uater md Surface Uater*H* 

I lpha-BHC 
beta-BHC 
del ta-BHC 
g n - B H C  (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
D i e ldr i n 
4,4' -DDE 
Endrin 
Endosulfan 11 
4,4 -DDD 
Endosulfan Sulfate 
4,4'-DDT 
Endrin Ketone 
Methoxychlor 
a1 pha- Ch lordura 
gama-Chlordane 
ToxapheM 
AROCLOR- 1016 
AROCLOR - 122 1 
AROCLOR-1232 
AROCLOR- 1242 
AROCLOR-1248 
AROCLOR- 1254 
AROCLOR- 1260 

PH 
Specific Conductance 
Pluton1m-239 P 240 
Amer i c i m-24 1 
Uraniun-233 P 234, 235, and 238 

For sanples collected from IHSSs 102 and 105 only (69-91/BHO191, 70-91/BHOWl, BH0391, 7l-91/BH049lI 
Z!-91/BH0591, 73-9VBH0691, BHOTPl, 74-91/BHO89lI BHO991, BH1591, 79-91/BH16911 BHl79l , 811891) 
Samples for total radionuclides for grwndwater will be collected if sufficient water can be evacuated f r m  
the well to fill the appropriate containers 

Decision tree 

Semi-volati les and Pesticide/PCB sanples are collected during the quarterly surface water 8npl fng events 

See Attachment 1 0, Section 1 5 3 2 for extraction methodologies 

The priority list for ground-water sMple parameters for wells which yield insufficient water to obtain 
the entire analytical suite is provided in the ER Program Sops 
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5 5 4 Surficlal Soils Analyses 0 
Compostte surficial soil samples collected from the 40 2 5  acre grids (Figure 5-2) will be analyzed for 
plutonium-239,240, americium-241 , and uranium-232,233,235, and 238 Samples obtained from the 82 sltes 

selected within 10-acre grids will be analyzed for plutonium and americium These analyses wUI be used to 

determine the spatial distribution of actinides in the surficial soils at Rocky flats Plant east of the 903 Pad 

Soil samples from the 22 soil profiles will be analyzed for plutonium and americium to amms their vertical 

distribution in the soils Soil organic carbon, soil pH, calcium carbonate content, and speclRc conductance will 

also be determined on samples from each of the soil profiles All samples from the 22 profiles will be subjected 
to the carbonate and organic carbon extractions described in Section 5 1 3 3 In addltion, samples from 
profiles X1 through X5 will also be subjected to sesquioxide and residue extractions 

In conjunction with the chemical analyses, soil physical measurements wlll also be conducted on samples from 

selected soil profiles Specifically, partide size analysis and bulk density will be performed on a sample from 

one profile representative of each soil type Fable 2-2 and Figure 2-6) 

5 5 5 Surface Water and Sediment Sampling Programs a 
Surface water and sediment samples are being collected from seeps and bodies of water wlthln South Walnut 

and Woman Creek drainages as part of monthly she-wide water quallty programs The sample statlons of most 
importance to OU No 2 are shown in Table 5 4  This water quality data set is available for analyses as part 

of the OU No 2 Phase 111 RFI/RI report and for the two work plans in allwium and bedrock medla 

5 5 5 1 SamDle 1 oca tiona 

Nineteen surface water and seep water stations were established south of the 903 Pad and East Trenches 

Areas in the Woman Creek drainage during the 1986 and 1987 investigations, 12 stations were also established 

north of the Mound and East Trenches Areas in the South Walnut Creek drainage in 1988 These 31 existing 

stations are being sampled monthly during the site-wide routine sampling program wlth the exception d SW-21, 

SW-24, and SW-25, which have been eliminated as sampling stations Four new sampling locations have been 

added Station SW-132 is located approximately 225 feet downstream of SW-Sl , where flow from the upper 

reach of South Walnut Creek is discharged from the outlet of a corrugated metal culvert, and SW-133 is located 

at the concrete culvert discharge to the South Walnut Creek drainage just north of SW-60 Monthly samples 

are also being collected from Ponds C-1 and C-2 Ftgure 2-1 1 presents surface water monitorrng locations in 

the area, and Table 5-4 lists the two surface water stations 0 
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Sediment samples were taken in October 1989 at stations along South Walnut Creek as well as Woman Creek 

and the SiD The resulting data should suffice as confirmatory Information regarding the concentrations of 

vdatiie organics, metals, other inorganics, and radionuclldes in the sediments For the Phase II RFI/RI, 

physical characteristics of the sediments (background and 'downgradient') and the spatial distribution of the 

metal concentrations will be examined to assess the adequacy of the background sediment geochemical 

characterization, and thus whether metals are contaminants in the sediments at the 903 Pad, Mound, and East 

Trenches Areas 

@ 

5 5 5 2 Chemical Analvser of Surface Water and Sed iment S m  

Surface water and sediment sampling is being conducted as part of the site-wide routine sampling program 

Surface water samples are being analyzed in the field for pH, conducthrity, temperature, and dissolved oxygen 

Laboratory analyses of surface water and sediment samples consists of the parameters listed in Table 5-3 All 

samples requinng filtration are filtered in the field, and ail samples are preserved in the field Surface water 

sampling and stream flow measurements follow the procedures described In the Rocky Fiats ER Program SOP 

1 

5 6 DATA MANAGEMENT 

Field and laboratory data collected during the Phase I1 RFI/RI will be Incorporated into the Rocky Flats 

Environmental Database System (RFEDS) The RFEDS is used to track, store, and retrieve project data Data 
will be input to the RFEDS via diskettes subsequent to data validation as outlined In the ER Program QAPjP 

(EG&G, 19901) Hardcopy reports will then be generated from the system for data interpretation and evaluation 

@ 
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TABLE 54 

SURFACE WATER SAMPLING STATIONS 

Statim Wukr 

su-21 
su-22 
SU-23 
SU-24 
SU-25 
SU- 26 
SU-27 
SU-28 
SU-29 
SU-30 
SY-50 
su-51 
SU- 52 
su-53 
sw-54 
sw-55 
SU-56 
su 57 
SU-58 
su-59 
SU-60 
SU 61 
SU-62 
SU 63 
su 64 
SU 65 
SU 70 

su 101 
a su 77 
- 

I su- 102 
SU-103 
SU 132 
SU- 133 
su-c1 
su-c2 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 

X 
x Pond 
x Pipe 

X 

X 
X 

X 

X New 
X New 

M w d  
M w d  
M d  
S Ualnut Creek 
S Ualnut C r n k  
Yarn Creek 
SID 
Uovn Creek 
uonvl Creek 
SID 
903 Pad 
903 Pad 
903 Pad 
903 Pad 
810 
081 
M d  (PSZ) 
903 Pad 
903 Pad 
M d  
Mwnd 
Mwnd 
Uonurn Creek 
903 Pad 
903 Pad 
East Trenches 
SID 
903 Pad 
M o v d  (PSZ) 
M e  (PSZ) 
Mwnd 
M o v d  
M o v d  
Uornrn Creek 
U m n  Creek 

~ ~~ ~ 

1 - Station not sempled as EHAD site-side routine sanpling program 

* 2 Station sonpled monthly as pert of EHAD site side routine o ~ p l i n g  program 

SID South Interceptor Ditch 
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6 0  

ENVIRONMENTAL EVALUATION WORK PIAN (EEWP) 

6 1 INTRODUCTlON 

Under § 106 of CERCIA or Superfund, the EPA is mandated by Congress to take appropriate action whenever 

"there may be an imminent and substantial endangerment to the public health or welfategr the e n V i w  
because of an actual or threatened release of a hazardous substance from a facllky' (emphasis added) This 

same language is employed in 2104 although the concept of hazardous substance is broadened to indude 

"any pollutant or contaminant " The EPAs mandate to protect human health and the environment is reiterated 

throughout CERCIA [e g , § §121(b)(l), 121(c), and 121(d)J and its major implementing regulations which are 

contained in the NCP [40 CFR Pan 300, Subpart F) The NCP was extensively revised on March 8,1990, (55 

FR 8666) to incorporate requirements of the Superfund Amendments and Reauthorization Act of 1986 (SARA) 

It provides the overall framework for Mentifying and obtaining information on hazardous substance sites, 

assessing the nature and extent of the contamination, determining the risk to human health and the 

environment, evaluating and selecting remedial action technologies, and implementing decisions on remedial 
actions 

The requirement for the performance of EEs at CERCIA sites derives from NCP specifications for RI/FSs The 

regulations in 40 CFR 9300 430(e)(l)(G) state 

e EEs shall be performed to assess threats to the environment, especially sensitive 
habitats and critical habitats of species protected under the Endangered Species Act 

This does not mean that EEs are to be limited to assessing risks to threatened or endangered species of plants 

or animals The EEWP establishes a purpose and objectives, presents an environmental evaluation 

methodology, and identifies tasks to be undertaken as part of the environmental evaluation implementation 

process 

Detailed guldance on conducting environmental evaluations is contained in the EPA "Risk Assessment 

Guidance for Superfund Vdume II Environmental Evaluation Manual" (EPA, 1989d) Although an "environmental 

evaluation" is specrfically required by the NCP, the EPA uses the term "ecological assessment" as being a more 

precise description of the activities that actually take place in the environmental evaluation process The €PA 

Manual defines an ecological assessment as "a qualitatwe and/or quantitative appraisal of the actual or 

potential effects of a hazardous waste site on ptants and animals other than people and domesticated species' 

(EPA, 1989d) The EPA manual recognizes that ecological assessments may ldentdy new or unexpected 
exposure pathways that may affect human populations 

(I) 
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Ecology is a branch of biological science devoted to the study of the interrelationships between organisms and 

their environment In the context of any CERCIA site, human health is inextricably linked to the sunrhral and 

physiological condition of nonhuman species Thus, a risk assessment focusing on human health and an 

ecological assessment are, essentially, dlfferent sides of the same coin 

0 

The EEWP prescribes how potentlal impacts or risks to the environment from existing OU No 2 conditions will 
be evaluated, using, in part, the data collected during the Phase I RI and the Phase II RR/RI When the EE 

is implemented, it will ldentdy and characterize the toxicity and levels of hazardous substances present, the 

fate and transport of contaminants, and the actual or potentlal environmental exposure (to plants and animals) 

Several other operable units are geographically related to OU No 2 The drainages downstream of OU No 

2 are separate operable units Woman Creek, OU No 5, and Walnut Creek, OU No 6 An interim remedial 

action is being planned to treat contaminated surface water in South Walnut Creek downstream of OU No 2 

(EG&G, 199Oe) Other operable units which are situated in close proximity to OU No 2 indude the 881 Hillside 

(OU No 1) and several IHSSs included in the Other Outside Closures (OU No lo), the 100 Area (OU No la), 

and the Low Priority Sites (OU No 16) The field activities for OU No 2 will be integrated with the EE field 

activrties for OU Nos 1 and 5 

0 The EE will address the potential environmental impacts associated with OU No 2 under the "no-actlon' 

alternative (no remedial action taken) The EE will use the data collected in the RFI/RIFS process and 

supplement the data as necessary with field sampling and analysis The EE will also provide envlronmental 

information needed to compare remedial alternatives and evaluate the mitigation of environmental nsks 

6 1 1 General Approach 

An EE (or ecological assessment) has much in common with the basic elements of a human health risk 

assessment A nsk assessment is a process for analyzing the likelihood an adverse effect will occur, the 

magnitude and intensity of that effect, and its spatial and temporal distribution The basic steps in CERCLA 

srte risk assessment for determining risk to elther human populations or the environment are basically the 

same contaminant Identification, exposure assessment, toxicity assessment, and risk characterization (Figure 

6-1) In an ecological assessment, this is accomplished through evaluating site characteristics, determining 

the nature and extent of contamination, Mentifying the actual exposure or potentitlr for exposure of plants and 
animals to contaminants, selecting ecological measurement "endpoints" to measure the ecological 

consequences of contaminant release, and assessing toxicity through doseresponse techniques 

This EEWP undertakes a comprehensive approach to performing an ecological assessment including 
establishing objectives, developing an overall investigation methodology, implementing the work plan, and 

I) 
I 
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DATA COLLECTION AND ANALYSIS L 
I 

0 Gather and analyze relevant site data 

0 Identify potential chemicals of concern 

e ldenttfy target species and cntical habitats 
1 

1 
EXPOSURE ASSESSMENT 

0 Analyze contaminant releases 

0 ldenttfy exposed populations 

0 ldenttfy potential exposure pathways 

0 Estimate exposure point 

0 Estimate contaminant intakes 

0 ldenttfy appropnate ecological endpoints 

and routes 

concentrations for pathways 

for pathways 

- 

b 
TOXl CITY ASSESSM EN1 

RISK C HARACTERI ZATlO N 
0 Estimate potential for adverse health 

0 Compare exposure or intake to acceptable 

e -8s results of comparative ecological 

effects or ecological impacts to occur 

cntena 

studies, biomorker studies, and toxicrh/ 
tests 

0 Evaluate uncertainty 

0 Summanze nsk information - 

0 Evaluate qualrtative weight of evidence 
that chemicals wuse adverse effects 
in plants and animals 

0 Evaluote quantitative evidence and 
determine toxic@ reference values 
for target species 

Conduct comparative ecological studies 
to evaluate potential toxic effects 

_1 
US DEPARTMENT Of MEROT 

Rooky Floh Pbnt, O o h ,  Cdomdo 

OCERAlllE UNIT NO 2 
pHA# I1 m/m WORK PUN (ALUJVU) 

MAJOR STEPS IN DEVELOPING AN 
ECOLOGICAL RISK ASSESSMENT 

FIGURE 6-1 
F.kwcy, 1991 
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producing and documenting the results The EEWP is based on guMance prwided in the EPA EE Manual 

@ (EPA, 1989d) and other gutdance documents (see list of examples in Table 6-1) 

A cornprehenslve methodology for performing an EE is detailed in Section 6 2 The procedures recommended 

provide a means of determining and measuring ecological risks in a systematic, controlled, and step-by-step 
manner that can be used in subsequent efforts to reduce or manage the risk While the EEWP structures the 

methodology for conducting the environmental evaluation of OU No 2, it does not attempt to define the 

operable una erther in terms of contamination extent or ecological characteristics, this will be accomplished 

dunng the actual implementation of the EE 

This EEWP also provides a framework for determining additional data needs and identifying the techniques 
(including sampling and analysts) to be employed in determining ecological risks It provkles a means for both 

quantitatlve and qualitative estimates of ecological effects such as reductions of Mological growth or 
productivity, and changes in community composdion 

I By implementing the methodology described in Section 6 2, the subsequent EE will be able to determine the 

nature and extent of adverse effects on local ecosystems resulting from contaminants present at OU No 2 

Depending on the adequacy of the database, the ecological assessment has the potential for use of statistical, 

stochastic models to quantlty the relationship of initial events (e g , contaminant release) with probable ultimate 

effects (ecological consequences) 

6 1 2 Scope of the Environmental Evaluation Work Plan 

The principal focus of this EEWP is on the basic methodology for performing an ecological assessment This 

is because an understanding of the environmental assessment process is critical to implementing the tasks 

described in Section 6 3 The environmental evaluation, as described in this E M ,  will draw conclusions 

about whether or not the oblectlves of the evaluation were achieved and identify the limitations of the analysis 

The ecological assessment process prescribed (Figure 6-1) has been used at other sites and in other situations 

and is generally accepted by the scientific community 

EEWP implementation is presented in Section 6 3 as separate tasks The implementation plan will be used to 

control the structuring and implementation of the various tasks The ultimate scope of the EE is contingent 
on the avaiiabildy of existing data and on the progress of the field investigations, it should be reviewed regularly 

as the evaluation process proceeds Section 6 4 describes the basic content of the Environmental Evaluation 1 
Report (EER) that will result from the EE process 1. 
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TABLE 61 

EXAMPLE U S ENVIRONMENTAL PROTECTION AGENCY 
AND U S DEPARTMENT OF ENERGY GUIDANCE DOCUMENTS 

AND REFERENCES FOR FIELD INVESTIGATIONS 
AND ENVIRONMENTAL EVALUATIONS 

Barnthouse, L W , G W Suter, S M Banell, J J Beauchamp, R H Gardener, E Under, R V O’NeUl and A E 
Rosen, 1986, User’s Manual for Ecological Risk Assessment, Environmental Sciences DMsion, 
Publication No 2679, ORNL-6251 

DOE, 1988a, Comprehensive Environmental Response, Compensation, and Liability Act Requirements, DOE 
Order 5400 W, Draft, September 1988 

DOE, 1988b, Radiological Effluent Monitoring and Environmental Surveillance, DOE Order 5400 XY, Draft, 
September 1988 

DOE, 1990b, Radration Protection of the Public and the Environment, DOE Order 5400 5 

EPA, 1988a, Guidance for Conducting Remedial Investigations and Feasibility Studies under CERCLA Interim 
Final, Office of Emergency and Remedial Response, Washington, D C , OSWER Directive 9355 3 01, 
October, 1989, EPA/540/6-89/004 

EPA, 1988c, Superfund Exposure Assessment Manual, mice of Emergency and Remedial Response, 

EPA, 1988e, Gutdance on Remedlal Actions for Contaminated Ground Water at Superfund Sites, Office of 

Washington, D C , EPA/540/1-88/001 

Emergency and Remedial Response, Washington, D C , EPA/540/6-88/003 

EPA, 1988f Technological Approaches to the Cleanup of Radiologically Contaminated Superfund Sites, Office 
of Research and Development, Washington, D C , EPA/540/2-88/002 

EPA, 1989c, Ecological Assessment of Hazardous Waste Sites, a Field and Laboratory Reference Document, 
Environmental Research Laboratory, Corvallis, Oregon, EPA 600/3-89/013 

€PA 1989d, Risk Assessment Gutdance for Superfund Volume I I  Environmental Evaluation Manual, Interim 
Final, Office of Emergency and Remedlal Response, Washington, D C , EPA/540/1-89/001 

EPA 1989e, Exposure Factors Handbook, Office of Health and Environmental Assessment, Washington, D C , 
EPA/600/8-89/043 
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6 1 3 Purpose and Objectives of the OU No 2 Environmental Evaluation 0 
The overall purpose of an EE of the OU No 2 area is to document a qualitative and, where possible, a 

quantitattve assessment of actual or potential threats of damage to the environment Including protected wildlife 

and vegetation species, habtats, or sensitive ecosystems This purpose IS consistent with the mandates of 

CERCLA/SARA and the IAG which states in Part 3 that one of Rs purposes IS to ensure that "an appropriate 

response action is taken and completed as necessary to protect the public heatth, welfare, and environment " 

The purpose of the EONP is to establish a scientflically credlbie procedure to be fdlowed and implemented 

during the performance of the EE for OU No 2 

The EE will provide decision makers with information required to determine risk to the environment associated 

wnh contaminant migration from OU No 2 as it exists and if nothing is done to remedlate the site It can also 
be used to determine whether or not contamination at OU No 2 requires remedial action and to predict 

potential effects of those actions on the environment In addltion, the EE can suggest future strategies for 

monitoring the effectweness of any remedlation accomplished at or near the site 

The EE for OU No 2 has multiple objectlves They are to evaluate 

0 Ecdogical charactenstics of OU No 2 and its area of Influence 

0 Kinds, forms, and quantdies of contaminants of concern 

0 Means of potential or actual releases of contaminants 

0 Habtats potentially affected and populations potentlally exposed to contaminants 

0 Exposure pathways to potentlally senskrve populations 

0 Actual or potential ecological effects and the overall nature of the risk 

6 2 ENVIRONMENTAL EVALUATION METHODOLOGY 

This section identfies and discusses the principal components of the EE for OU No 2 They are presented 
in the sequence that would normally be followed in performing an ecdogical assessment The major portion 

of the EE will be devoted to assessing ecdogical risks environmental analyses (Section 622), toxicity 
assessment (Section 6 2 3), and risk characterization (Section 6 2 4) 
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6 2 1 Data Evaluation and Analysis * 
Sde-specific (Rocky Flats Plant) and operable unb-specrfic (OU No 2) data and information collected during 

the Phase I RFI/RI program and prior studies by the DOE and the Rocky Flats Plant operating contractors will 

be reviewed and evaluated Ltkewise, reports on the general area and scientmc information on ecological 

processes related to this assessment (e g , mobility of uranium in aquatic ecosystems) Will be reviewed These 
data and reports will be collected, analyzed, and compiled as source documents The principal objective of 

this effort is to determine what existing information can be used for the EE and define additional data 

requirements The Phase I RI and Phase II RFI/RI programs should provtde the majority of the site-specific 

data needed on surface water, ground water, soils, and air quality Prewous enwonmental studies should 

provide the general ecological information However, stte-speck ecological data and estimates of contaminant 

and energy transfer in the OU No 2 area will likely require addttional investigations and additional data on 

sediments and sediment transport 

In addbion to the documents listed in Table 6-1, the following sources will be used to acquire information 

Project files maintained by Rockwell International and EG&G 

Project reports and documents on file at the Front Range Commundy College Library and the 
Colorado Department of Health 

DOE documents and DOE orders 

The Phase I RI database 

The Rocky Flats Environmental Impact Statement (EIS) database 

Data from ongoing environmental monbonng and NPDES programs at the Rocky Flats Plant 

Studies on radionuclide uptake, retention, and effects on plant and animal populations 
conducted by the Unlverstty of Colorado and CSU 

Scientlfic Iderature, including ecological and risk assessment reports, at DOE facilities Oak 
Ridge National Laboratory, Los Alamos National Laboratory, and the Savannah River Project 

The IM/IRAP 

Several of the scientlfic reports that will be used are cded in various subsections of this EEWP, including the 

appropriate sections of this Phase II RFI/RI Work Plan and the Final EIS on the Rocky Flats Plant (DOE, 1980) 

The references cried in this EEWP are presented in the list of references 

Final Phase II  RFI/RI Work Plan (Alluvtal) 903 Pad Mound and East Trenches Areas 

eggg ,903pad\ou2 ph2\feb\secb feb 
Rocky Flats Plant Golden Colorado Revlslon 1 

28 February 1991 
Page 6-7 



6 2 2 Environmental Analyses a 
The biotic and abiotic components of the existing ecosystems will be described and analyzed to determine the 

impacts assoclated with the release of contaminants This analytical process includes characterking the 

principal ecosystems in the area (Section 6 2 2 l), determining which biological populations or communtties 

are at risk (Section 6 2 2 2), and identrfying the exposure pathways to biological receptors (Section 6 2 2 3) 

The environmental analysis will be combined with the data evaluation and analysis process (Section 6 2 1) to 

determine specific data/information requirements for completing the EE The field investigations, sampling, 

and analytical work to be undertaken to fill these data gaps are discussed in Section 6 2 2 4 

6 2 2 1 Ecosvstem Characterization 

The ecosystems at the Rocky Flats Plant site, in the high plains region along the foothills, include arid 

grasslands on alluvral flats and fans interspersed with creek drainages and riparian zones Ponds and canals 

have been constructed wnhin the drainages and off site for runoff contrd and water retention purposes These 

ecosystems will be inventoried and described to characterue the biotic resources and pnncipal abiotic 

components within the Rocky Flats Plant area a 
In general, there are three levels of ecological organization to be characterized populations, communities, and 

ecosystems Each level has its own dimensions of extent, structure, and change This EE will place more 

emphasis on assessing impacts at the population and community levels The inherent variablity in natural 

systems is less at these lower levels of organization, thus, the abllity to obtain valld quantltattve data on 
populations and communities within the timeframe planned for the EE process is more feasible at this level than 

at the ecosystem level Population dynamic parameters such as mortalny and recrurtment, and community 

endpoints such as species diversrty and producttvity, will be used to assess the impacts of contarninants In 

determining the effects of the contaminants on biota, an understanding of the chemical, energy, and nutrient 

cycles in the ecosystems will be necessary to describe and analyze contaminant uptake and fate In the food 

chains 

The ecosystem characterization process includes inventorying and charactertzing the terrestrial and aquatic 

biota in the area, describing the habitats that support the growth and existence of these biota, and defining 

the flow of nutrients and energy through the food webs of the ecosystem The aquatic ecosystems are small 

and discrete wtthin the OU No 2 area Terrestrial biotic components are more wdespread and dtffuse, 

consisting of plants and animals above the land surface, and roots and soil biota below ground e 
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Pbnt and Animal Sfmcier and PODUbt ion 

Field investigations and existing reports will be used to determine which plants and animals make up the 

biological components of the ecosystems at the Rocky flats Plant The primary objecttve will be to prwkle 

the best possible estimates of populations in the area, commensurate with the accessibility of study areas and 

the time and personnel available The amount, type, reliability, and currency of the data may vary according 

to species, time, and place 

lnventones of the terrestnal plants, fish, and benthic macroinvertebrate communities wHI be very 

comprehensive For other taxonomic groups, the species inventories wUI be based on existing reports, state 

and Rocky Flats Plant records, and a list of species obsenred during field programs Certain species and 

populations will be selected for study based on criteria including, but not limited to, the fdlowing 

0 Value as habitat quality indicators 

0 Local significance, such as economic or recreational value, of the species/population 

Potential for the species/population to be impacted, and the ease of measuring the impact or 
stress 

0 Potential future conflict with Rocky flats Plant operations or remediation activities 

0 Critical nature of the habitat or sensitivity of the species/population (eg, wetlands or 
threatened/endangered designations) 

Each species or population selected for detailed study w l  be inventoried at the appropriate season to properly 

evaluate procedures and to maintain meaningful hrstorical records The goal will be to produce inventory 

information with the degree of reliability needed to effecttvely evaluate impacts at the environmental level 

Available habitat is defined as the surface area capable of provlding direct life support for an evaluation species 

(U S Fish and Wildlife Service, 1981) The areal extent and potentlal for impacts resulting from contaminants 

at OU No 2 on available habltats will be assessed 

Factors which may potentially affect habitats present at the Rocky Flats Plant would be addressed These 
include 

0 Direct or indirect exposure to site-related contaminants due to transport from the source 
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Physical disruption of ecosystem processes due to contaminant interference with natural 
biochemical, physiological, and behavioral processes 

e Physical disruption of the habitat due to the she’s design or operation 

Physical or chemical disturbances or destruction due to cleanup or remedial acthnties 

Other stresses not directed related to the site (such as extreme weather conditions) 

Food Web8 

Energy and nutrients flow through ecosystems by means of complex interactions between organisms known 

as food chains and food webs Food chains describe the transfer of energy and nutrients from one organism 

to another as one consumes or decomposes the other Food chains selected for the EE will represent the five 

major trophic levels 

e Primary producers 

e Primary consumers (herbivores) 

e Secondary consumers (omnivores) 

e Tertiary consumers (carnnrores) 

e Decomposers 

Food webs are interconnecting food chains which realistically describe the complex system of pathways by 

which the flow of energy and nutrients takes place in nature A general discussion will be included to explain 

how the selected food chain(s) interrelate with the aquatic and terrestrial ecosystems (both above and below 

ground) found at the Rocky Flats Plant and in the vicinity of OU No 2 

6 2 2 2 Porrulations at Risk 

The terrestrial and aquatic species in the Rocky Flats Plant area have been described by several researchers 

(Weber, et at , 1974, Clark, 1977, Quick, 1964, Winsor, 1975) and summarized In the Final €IS for the Rocky 

Flats Plant Sde (DOE, 1980) Species lists are presented in Appenduc A of the EIS In addition, terrestrial and 

aquatic radioecological studies conducted by CSU and DOE (Rockwell International, 1986f, Paine, 1980, 

Johnson, et al , 1974, Whicker, 1979, Ltttle, 1976, and Hiatt, 1977), along with annual monitoring programs at 

Rocky Flats Plant, have provided information on the plants and animals in the area and their relative 

distribution e 
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@ 
The above resources, discussions wtth Rocky flats Plant and Colorado Division of Wildlife (DOW) personnel, 

and on-sde surveys will be used to determine the presence and distribution of plants and animals wlth respect 

to OU No 2 Distribution of plants and animals within, upgradient, and downgradient of the unit will be defined 
to fine-tune the ecological impact assessment approach The process of determining which populations are 

at nsk involves sampling specrfic groups of organisms (e g , benthic macroinvertebrates, soil microbes and 

prairie grasses), target species (e g , fathead minnow and deer mice), and critical habitats (e g , wetlands) as 

described in the EE FSP (Attachment 2 0)  

Target species, target communities, and cntical habrtats mll be selected for sampling using the following 

crlteria 

Susceptibilny of the species, community, or habitat to the contaminants associated with OU 
No 2 

Relationships between the target species, community, or habltat and the exposure pathways 

Degree of dtfficulty in accurately measuring the desired endpoint in that species or community 

Abildy to define adequate reference and on-site test areas for the target species or community 

Amount of information in the scientific literature on the target species, community, or habltat, 
and the ecological significance of the species, community, or habitat 

Degree of difficulty and costs involved in conducting the necessary field sampling and 
laboratory analytical programs 

0 Potentlal for bioaccumulation of the contaminant of concern in the target species or community 

Based on a preliminary review of the information available, some likely target species, communities, and crttical 

habitats are presented in TaMe 6-2 The more practical target species and communities will be studied, at least 

during the indial stages of the ecological assessment The communities and habitats on this list may change 

rf data collection or related research indicates that other species are also important The results of the initral 
ecological assessment will also direct later studies or indicate which communities need further assessment 

Wetlands are known to be productwe habitats that support a relatwely dlverse assemblage of plants and 

animals Wetlands, therefore, will be considered a critical habitat for this EE Threatened and endangered 

species automatically fall within the "populations at risk" category and deserve special attention However, prior 

the Rocky Flats Plant (DOE 1980 1990a) The conclusions of these studies will be checked during the OU 

No 2 EE The project staff will also consult wlth the Colorado DOW to determine rf there are any species of 
special concern from the state s perspective 

I studies indicate there may be no federally listed threatened or endangered species within the boundaries of 
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TABLE 6 2  

POTENTIAL POPULATIONS/COMMUNlTIES, 
HABITATS, AND TARGET SPECIES 

FOR ASSESSMENT OF ECOLOGICAL IMPACTS 
AT THE ROCKY FIATS PIANT OPERABLE UNIT NO 2 

Periphyton 

Herbivores 
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An exposure pathway determines how a contaminant can move from its source to a receptor in the 

environment A complete exposure pathway has five components 

0 Contaminant source 

0 Mechanism for contaminant release 

0 Environmental transport medium 

0 Exposure point (receptor location) 

e Route of exposure (mechanism for intake) 

To qualify as a potentd exposure pathway, all components of the pathway must be present Possible 

exposure pathways from the sources within OU No 2 to plants and animals in the area will be assessed and 
several pathways will be selected for detailed analysis The selected pathways will represent actual field 

conditions It is anticipated that many exposure pathways cannot be quantified because transport rates, intake 

rates, or other data are not available Exposure pathways selected for analyses will include some or all of the 

target species Pathways will be developed for the flve transport medla soil, ground water, surface water, 

sediments, and air The flrst four media will be sampled as described in Section 5 0 Field Sampllng Plan Air 

is currently being sampled for plutonium, PM10, and TSP as part of the non-RAAMP site wide study 

@ 

The logical exposure points at and near OU No 2 will be identified based on an iterative process of Mentlfylng 

the biological receptors in areas potentially contaminated and determining the contaminant concentrations at 

likely exposure points, depending upon the receptors selected Contaminant concentrations at the exposure 

points will be measured directly, when possible, or determined by modeling the release of contaminants from 

on-sne sources When appropnate, the chemical transport and fate of contaminants will be evaluated using 

procedures similar to those presented in the EPA Superfund Exposure Assessment Manual (EPA, 1988~) 

Many of the potentlai human exposure routes for constituents of concern at OU No 2 also exist as possibilities 

for the local wildlde populations These include inhalation of volatiilzed contaminants in air, inhalation of dust 

from contaminated soils, and dermal exposure to contaminated surface waters and soils Since wildlife at or 
near OU No 2 derlve a major portion of their food supply from vegetation or prey species, migration of 
constituents into the food web wnh the subsequent possibility of biomagnification may provlde a significant 

indirect route of exposure 
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Quantltatlve analysis will utilue established EPA models for rate of transfer and fate of contaminants (EPA, 
1988c) and for calculating specific intakes for each target species selected for quantitative evaluation Standard 

equations for estimating human intakes (EPA, 1989a) may be used, where appropriate, to estimate intake rates 

for terrestrial vertebrates 

' 
6 2 2 4 Field Investiartions. S8mo JIM. 8nd Ana lvsig 

Because field investigation methods and sampling and analysis techniques are so critical to the scientfflc 

credibillty of the EE, this section provides a detailed discussion to these topics Qualitative field surveys, 

comparative ecology studies, toxicity testing, and bioaccumulation/biomrker studies are addressed The EE 
FSP (Attachment 2 0) provldes detailed information on sampling design, location, and intensity 

A preliminary assessment of the operational history of the Rocky Flats Plant and OU No 2, and a review of 

pertinent site characterization sections in available reports, indicates that completion of the EE requires 

1 Source characterization including presence, absence, and concentration gradients of 
Contaminants 

2 Exposure pathway characteruation including contaminant release, media transport, and 
receptor exposure mechanisms 

3 Determination of the presence, absence, and dlstnbution of receptors 

4 Assessment of toxicdy or stress on the terrestrlal and aquatic ecosystems present at the site 

The physical and chemical data required to address dems 1 and 2 above, with some exceptions, will be 
available from the Phase I RI and Phase II RFI/RI field investigations discussed in Section 5 0 Additional data 

on sediments adjacent to and downgradient of OU No 2 will be collected to supplement planned investigations 

of potential impacts on aquatic ecosystems 

In order to address dems 2 3 and 4 above, addltional data will be acquired on the specific species and 

populations in the area The general biological components of the Rocky Flats Plant area have been described 

by previous investigations (DOE, 1980, Rockwell International, 1986f) However, more sne-specific data (e g , 

specific to OU No 2) and a more thorough understanding of the population and commundy dynamics are 

necessary to complete the EE For example, location-specific information on species diversity, biomass, cover 

class and production within prairie grass communities at uncontaminated reference areas and at contaminated 

areas near OU No 2 will be used to assess ecological risks 
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The EE sampling methods wiii conform to the guldance manuals and sampling protocol references listed in 

@ Table 6-1 and the references cited at the end of Section 6 4 Evaluation techniques will indude qualitative field 
surveys, comparative ecological studies, toxicity assessment/testing, and bioaccumulation studies Each of 

these techniques contributes a different type of information to the evaluatmn 

Qualitative FieM Su rvevs 

Field surveys will be conducted early in the process since the main objective is to get site-spectfic information 

on the occurrence of plant and animal species and habitat types in order to fine tune sampling programs and 
complete a "reality check" on exposure pathways Field surveys wUl also be used to select the best locations 

for reference (control) sampling areas The field surveys will be conducted by qualified terrestrial and aquatic 

ecologists and will be largely qualitative Some field instruments, such as pH, conductivity, temperature, and 

dissolved oxygen meters, will be used to assist in locating potential contaminant-impacted areas, but most 

information will be acquired through visual observations The EE FSP (Attachment 2 0) describes the qualitative 

survey plans in more detail 

I During the qualltatrve surveys, details of field observations will be recorded in field logbooks, as per the 

Standard Operating Procedures for the ER Program and RFI Field bidogists will record all observations of 

@ animal sightings and animal signs such as nests, burrows and scat, record locations of any sensttive habitats 

and wetlands, and note any evidence of stressed vegetation or visual evidence of contamination They wNI also 

assess the suitability of drfferent habltat types to support aquatic and terrestrial communities In addition, field 

instruments will be used to search for evldence of contamination such as organic vapors in soils or obvious 

changes in pH, conductrvity, temperature, and dissolved oxygen in surface water 

I 

Commrative Ecoloav S tudiea 

Ecological field suweys, involving comparisons of impacted and nonimpacted areas, are a potential method 

of establishing that ecological impacts have occurred However, care will be taken to account for differences 

in the physical/chemical aspects of the reference and test areas and the natural variations exhibited by 

biological populations Comparative ecological "endpoints" will be selected to assess contaminant impacts and 

will include productwity and diversity (Section 6 2 3 2) To maintain a vald comparison, reference areas or sites 

will be selected that (1) are in close proximity to the OU No 2 area, (2) closely resemble the OU No 2 area 

in terms of topography, soil composition, water chemistry, etc , and (3) have no apparent exposure pathways 

from Rocky Flats Plant or other sources of contamination If possible, the reference areas for OU No 2 will 
be the same as those used for adjacent operable unds such as OU No 1 and OU No 5 
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0 Comparatrve ecological studies will be directed at three aquatic and five terrestrial communities or components 

benthic macroinvertebrates, periphyton, fish, small mammals, grassland vegetation, plant roots and microbial 

biomass, invertebrates, and wetlands These were selected because 

There is extensive scientific llterature available for interpreting results and making conclusions 

The communities exist in impacted and nontmpacted areas of the Rocky flats Plant 

0 Standard field techniques have been developed to measure the necessary community 
parameters 

Surveys can be completed at reasonable costs 

Free-floating phytoplankton were not selected because the small creeks and ponds at the Rocky flats Plant 

provide only a limited habitat for this aquatic community Ecdogical endpoints such as relative abundance, 

species diversity, communlty organization, biomass, reproduction, and growth rates will be used to compare 

the communlties at reference sites wlth communlties in contaminated areas in or near the operable und 

Reference and contaminated sites will be carefully selected to minimize the influence of chemical and physical 

differences between the sltes 

0 Periphyton, benthic macroinvertebrate, and fish communities will be sampled at reference and test shes 
Periphyton will be monitored using artificial substrates, macroinvertebrates will be sampled with Surber and 

Ekman samplers, and fish will be collected by electroshocking Qualitative observations on all aquatic flora 

and fauna will supplement the quantltative sampling Periphyton data will include colonization rates on the 

plexiglass substrates over a four-week exposure period Abundance, species diversity, biomass, and other 

parameters will be used to determine tf periphyton, benthic, or fish communities within the test areas have been 

impacted in comparison to the reference area Physical and chemical parameters such as substrate type, 

current velocity, and pH will be carefully documented to account for physical/chemical influences not related 
to contaminant releases 

The terrestrial communities will be sampled at areas wlthin OU No 2 and at the reference sites The 
vegetation animal population and components of the soil biomass will be selected for general surveys and 

detailed studies Species abundance, cover, productivity, vigor, and signs of stress will be used as assessment 

characteristics Physical and abiotic parameters such as soil types, substrate disturbance, slope, moisture 
regimes and topography will be assessed for selecting sampling areas 
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The actual or potential toxicity of contaminants at stations within and near OU No 2 will be assessed using 

three approaches companson of contaminant concentrations at exposure points to ARARs, comparison of 

existing concentrations to toxicological endpoints presented in scientific literature, and actual toxicity tests 

The inittal step will be to compare average and maximum concentrations of contaminants of concern at logical 

exposure points (e g , air, soil, water, and sediments) to established criterta There are several criteria 

established for aquatic organisms [e g , water qualky criteria for protection of aquatic life (EPA, 1986a)l but 

relatlvely few critena for terrestrial and soil organisms The amount or proportion by which concentrations at 

OU No 2 exceed available cnteria will be presented in tabular form, and the ecological significance will be 
interpreted 

In some cases, toxictty values are available in the ltterature for chemicals that have no criteria or standards 

Toxicity values for contaminants of concern from the available Itterature, involving species of plants and animals 

that are known to occur at the Rocky Flats Plant, will be compared, when possible, to average and maximum 

concentrations of contaminants at logical exposure points Again, more data on aquatic organisms are 

expected to be available than on terrestrial organisms e 
Comparison of on-stte concentrations to criteria or toxicity values may not be sufficient to assess the potential 

impact of all of the Contaminants of concern at OU No 2 Also, the comparison approach does not account 

for potential synergistic, antagonistic, or additive effects in complex mmures and may not adequately reflect 

the bioavailabrltty of the contaminant or the physico-chemical nature of the receiving waters For this reason, 

a Iimtted toxicity testing program will be conducted as an inittal phase 

The initial toxicRy testing program will be limited to aquatic organisms and will include standardized acute and 

chronic tests with fathead minnows and Cenodaphnla (EPA, 1985b, 1985c, lQ89f) Water samples for toxicity 

tests will be collected from two stations immediately downgradient of OU No 2 (Stations SW-23 and SW-28), 

and from the downstream ponds on South Walnut Creek (Pond 8-5) and Woman Creek Pond (Pond C-2) (see 

Figure 2 1 in Attachment 2 0) The water will be cooled to 4OC and shipped to the laboratory conducting the 

toxicity tests within 12 to 24 hours The toxictty tests will be initiated within 36 hours of the field collection time 

The duration of the static renewal acute tests will be 48 hours for Ceriodaphnia and 96 hours for fathead 

minnows The test water will be renewed daily, and dilution water wll be collected from the aquatic ecology 

reference station The static renewal chronic tests will last for seven days for fathead minnows and until 60 
percent of the Ceriodaphnia in the control vessels have three broods Qualrty control procedures will conform 

to €PA requirements for NPDES toxictty testing (EPA, 1985b 1989f) 0 
I > 
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The toxictty tests will be conducted dunng high-flow (spring) and base-flow (late summer) conditions because 

the influence of ground water may vary significantly under these different flow conditions Two acute tests and 
two chronic tests will be conducted within one to two weeks of each other during each season If toxicity is 

observed in both acute or both chronic tests at any m e  station, then a supplemental toxicity testing program 

will be designed for that location to determine if the toxicity is consistent and to determine the potential extent 

of the toxicant The supplementai toxicity testing program may indude on-site or in-stream tests involving 

indigenous fish, invertebrates, or algae If the toxicity tests with creek or pond water Indicate that the water 

at a glven location is toxic, and physical and chemical analyses of the sediment at that location suggest that 

the sediment may be a source of that toxicity, then additional toxicity tests may be proposed to specifically 

assess the sediment 

of an endpoint in individual organisms that indicates exposure However, there are several other types of 
biomarkers For example, exposure to some metals such as cadmium and copper induces the synthesis of 

The potential for a toxicity test involving soils and terrestnal organisms will be evaluated If a relatively standard 

method is available using a species known to occur at the Rocky Flats Plant, toxicity tests will be proposed 

using soils from reference and test areas Toxicity tests developed for microbes, earthworms, crickets, and 

grasshoppers will be evaluated (EPA, 1989f) 

@ A bioaccumulation study will be conducted to determine if selected metals and radionuclides might be 
accumulating in the tissues of some of the aquatic and terrestml organisms at the Rocky flats Plant Plants 

and animals will be sampled from the frve communities used for the comparative ecology studies periphyton, 
benthic macroinvertebrates, fish, small mammals, and prairie vegetation Where possible, only one or two 
species within the community will be sampled to enhance the comparability W e e n  stations over time and 

the comparison with bioaccumulation levels reported in the literature For example, in the fish communtty the 

most abundant minnow or dace and one species of sunftsh may be used However, for periphyton, the sample 

wilt consist of all periphyton scraped from one or more &des in the periphyton sampler Because these 
organisms live in direct contact with the contaminated media (water, sediments, and soil), they are the most 

likely candldates to exhibit bioaccumulation Samples will be collected from a limited number of stations that 

have exhibited pnor contamination if bioaccumulation is observed, the sampling program may be expanded 
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the measurement of these metal-binding proteins provides a potent01 tool for assessing the effects of these 

metals 

There are many advantages of using physiological and biochemical-type biomarkers in ecological assessments, 

including their broad applicabildy to many taxonomic groups, the ability to link field surveys to laboratory tests 

to interpret the signdicance of field results, and the fact that some biomarkers are dlagnostic of specific 

contaminants However, there is currently a lack of accepted, standardized, and tested biomarkers for many 

of the contaminants found at hazardous waste sites Also, the relationship between a measured biomarker 

response and population-level effects has not been defined in many cases 

For the reasons listed above, only bioaccumulation studies WIN be included in the EE FSP (Attachment 2 0) 

A specdic biomarker approach may be developed later if bioaccumulation of specific contaminants Is observed, 

and there appears to be a realistic biomarker technique for assessing the environmental impact of those 

particular contaminants For example, studies at Oak Rldge, Tennessee, associated with the environmental 

restoration program at the Oak Rdge National Laboratory, have held some success using biomarkers (Oak 

Ridge National Laboratory 1988, 1989) 

6 2 3 Toxicity Assessment e 
The purpose of the toxiclty assessment is to weigh the available evldence regarding the potentlal for particular 

contaminants to cause an adverse effect in exposed receptors (target species) It also provides, where 

possible, an estimate of the relationship between the extent of exposure to a contaminant and the increased 

likelihood and/or severdy of adverse effects Toxiclty assessments for contaminants identified at OU No 2 will 

be accomplished by incorporating evldence from more than one technique, where possible Specifically, the 
assessment of toxicity for plants and animals may include evldence from a dose-response assessment (a 

standard approach in human health risk assessments), comparative ecological surveys using endpoints of 

ecological signdicance (such as an increase in rnortallty rate), and toxicrty tests 

Many of the ddficulties that arise during EE performance begin with the vallddy of techniques used to answer 

the seemingly easy question Does a hazard exist' The use of the term "hazard" depends on the 

characteristics of the contaminant of concern and the circumstances of use The Environmental Evaluation 

Report (EER) will clearly define this term and discuss techniques used in determining if a hazard(s) actually 

exists An example toxicological profile is included in Attachment 3 0 
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6 2 3 1 DoseReapPnse Assess meni 1-b tion Modeld 

The most fundamental concept in toxicdogy is that a relationship exists between the dose of an agent and the 

response that is produced in a living organism Dose-response assessment is the process of quantltathrely 

evaluating the toxicity information and charactenzing the relationship between the dose of the contaminant 

received and the incdence of adverse effects in the exposed populations From this quantitative dose- 

response relationship, toxicity values (references doses or RfDs) are derived that can be used to estimate the 

incidence or potential for adverse effects as a function of receptor exposure to a contaminant 

I 

Because indivlduals and species accumulate contaminants differently in their tissues, environmental 

concentrations and uptake rates will not necessarily predict biotic concentrations Pharmacokinetic distribution 

following uptake determines the concentration of a constRuent that actually reaches the physiological site of 

action within an organism, and therefore, the likelihood of an adverse effect For this reason, concentrations 

in environmental media and biotic tissues will be determined independently for some species Based on these 

data, slte-specific bioconcentration factors (BCFs) may be derived If site-specific BCFs cannot be derived from 

the monltoring data, published and/or predicted BCFs will be utilized in the EE 

The final step in the dose-response assessment will be to evaluate the toxicity associated wlth contamlnants 

For several chemicals, toxicological data have been evaluated by the EPA or other agencies and RFDs for 

noncarcinogenic effects have been developed (EPA, 1987b) These RFDs are based on a survey of the current 

toxicological llterature including both animal studies and human epidemiological studies In cases where RFDs 

are not available comparisons may be drawn between the contaminant-receptor relationship existing at OU 

No 2 and appropriate laboratory studies that have developed other values expressing toxicity Examples 

include LO, and LC, values and growth inhibttion levels 

0 

Cancer potency factors have been developed for many contaminants that are carcinogenic in humans (EPA, 

1987b) Similar factors or extrapolations have been made to some animal species Carcinogenic potency 

factors are expressed as the lifetime cancer risk per mg/kg body weight per day Therefore, exposures need 

to be quantified or estimated over long time periods Where possible, the toxic effects of some contarninants 

will be assessed using cancer potency factors Generally, this will be limited to vertebrate animals It may be 
most appropriate for small mammals (e g , mice) that have been the subject of, or test organisms in, numerous 

laboratory experiments on carcinogens 

6 2 3 2 ComDarative Ecoloclical Stud1 I 0 Ecological surveys will be used during:le EE to study endpoints of ecological interest in selected target 

species or plant or animal communrties These receptors (the target species or selected community) are the 
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@ components of the ecosystem that may or may not be adversely affected by the she-specific contamlnant 

being studied The measurement endpoints are the particular type of impact a contamlnant is expected to 

have on a glven receptor 

Generally, endpoints of ecological interest may be dlvided Into four levels individual, population, community, 
and ecosystem These levels may be further refined as 

0 lndlvldual endpoints 

Changes in respiration 
Changes in behavior 
Increased susceptibility to illness 
Decreased growth 
Death 

0 Population endpoints 

Decreased genotypic and phenotypic diversity 
Decreased fecundity 
Decreased growth rate 
Increased frequency of disease 
Increased mortality rate 

0 Commundy endpoints 

Decreased species dlversity 
Decreased food web dlverstty 
Decreased productlvrty 

0 Ecosystem endpoints 

Decreased dlverslty of communnies 
Altered nutrient cycling 
Decreased resiliencies 

Because of the complexlty of interactions within food chains (or in a food web), and the number and variety 

of receptors in an ecosystem, it is impossible to assess the potential impacts to all receptors for all endpoints 

Therefore, representatlve types of receptors and endpoints will be selected and used as indicators of potential 

effects on biological communtties Presently, there are no regulatory standards concerning Individual 

assessment endpoints of biological interest for non-human aquatic or terrestrial species There is, however, 

a general consensus defining adverse effects of measurement endpoints at the population level (EPA, 1989c) 

and, to a lesser extent at the communrty level Therefore, the EE will be limited to studying ecological 

endpoints in selected populations and communities These may include some functional processes such as 
primary productivity in grassland or fish biomass in ponds 
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6 2 3 3 Biorccumulrt ion St 

Measuring the accumulation of contarninants in lnmg organisms provides direct evldence of exposure and 

uptake of the contaminant by the organisms, but does not necessarily equate to m t i v e  effects because many 
organisms tolerate some degree of bioaccumulation Bioaccumulation, therefore, will be assessed using the 

field sampling results, scientific literature on the contaminant and receptor being studied, and other lines of 

evidence such as the comparative ecological studies Where possible, bloconcentration factors [the ratio of 

the tissue concentration (fish or roots) to the environmental media concentration (water or soils)] will be 

determined and compared to bioconcentration factors reported in the literature The potential for 

blomagnification of contaminants in higher trophic levels wll also be lnvestlgated 

6 2 4 Ri8k Chmctcwicrtion 

Information developed in the exposure and toxicity assessments (Sections 6 2 2 2, 6 2 2 3, and 6 2 3) will be 

used to characterize the risk to plants and animals from contaminants released from OU No 2 The 

information will be summarized and integrated Into quantitattve and qualitative expressions of risk 

Compansons will be made between projected intakes of chemicals (or other exposure estimates) and toxlcity 

(as expressed by ARARs, toxicity test results, RfDs, or toxicity values from the Ilterature) to characterize 

potential noncarcinogenic effects from exposure to chemical contaminants To characterize potential 

carcinogenic effects from chemical contaminants, probabilities that an individual organlsm MI develop cancer 

over a Metime of exposure will be estimated from projected Intakes and chemical-spectfic, dose-response 

information The assessment of carcinogenic effects will not be developed to the extent found in human health 

risk assessments, carcinogenic effects on only a few species wHI be presented Estimated dose equivalents 

and intake rates will be compared to ARARs and other guMance to characterize potential effects from 
radionucllde exposure 

The risk characterization will present estimates of nsk for defined exposure scenarios plus summaries of the 

relevant biological information, Identification of the assumptions used and their limitations, and a discussion 

of uncertainties The risk characterization will address risks associated with organic and inorganic (metals) 

contaminants and radionuclMes 

6 2 4 1  9rpa nic Conta minanta 

The toxicrty of organic contaminants is both general and specrfic Effects observed in studies of experimental 

animals have been dependent on a variety of factors including chemical structure, exposure level, frequency 

and coexposure, and subject senskrvity Studies to date at the Rocky Flats Plant, especially those specifcally 

related to OU No 2, indicate that volatile organic contaminants are much more prevalent than semi-volatles, 

e 
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PCB's, and base-neutral organics There are relatively high concentrations of several volatle organics (e g , e TCE, PCE, CCI,, vinyl chlorkie, and ethylbenzene) in various environmental media (so#, surface water, 

sediments, etc ) In contrast, there are relatively few semi-vdatle organics of concern 

Due to their high vapor pressure, volatile organics can be easily mobillzed from one environmental 

compartment to another They are very mobile in comparison to semi-volatHes and many Inorganics Kidney 
and liver enlargement are a common result of volatile organic toxicity because these chemicals induce mked 

function oxldases Prolonged exposure frequently results in damage to metabolic organs, and several volatile 

organics can induce carcinogenesis 

6 2 4 2 lnorclrnic (Mota I) Contrrlljlllllh 

Toxicity of metals to aquatic organisms, plants, and soildwelling animals has been extensively researched 

Scientific literature is available for assessing potential impacts This is especially true for aquatic organisms 

There are a few general principles that contribute to understanding the pathophysiology of metal toxicity Most 

metals affect multiple organ systems The targets for toxicity are specific biochemical processes (enzymes) 
and/or membranes of cells and organelles The toxic effect of the metal usually involves an interaction 

between the free metal ion and the toxicological target There may be multiple reasons why a particular toxic 

effect occurs For example, the metabolism to the toxic metal may be simlar to a metabolically related 

essentlal element Cells that are involved in the transport of metals, such as gastro-intestinal, liver, or renal 

tubular cells, are particularly susceptible to metal toxicity (Goyer, 1986) 

' 

The Phase I RI f d d  investigations indicate that there are several metals in surface water, ground water, and 

soils at OU No 2 Investigations are still in progress to determine which metals are present in concentrations 

exceeding expected natural background concentrations However, It is likely that several metals which are 

toxic to plants and animals are contaminants associated with releases from OU No 2 For example, cadmium, 

chromium, zinc, and vanadium have been observed in several media at concentrations that are likely above 

background 

The water quality data from the Phase I RI and Phase II RFI/RI field investigations (Section 5 0 )  wHI be 

compared to the water quality criteria for the protection of aquatic life (EPA, 1986) Additionally, the information 

in U S  EPAs Quality Criterla for Water 1986 (EPA, 1986), the supporting ambient water quality criteria 

documents (e g , zinc, EPA, 1987c), and contaminant hazard reviews (e g , chromium, Elder, lQ86) will be used 

to evaluate the potentlal toxicity of metals to aquatic target species The EPA ambient water quality criteria I 0 documents (e g , EPA, 1987~) also provtde bioconcentration factors (BCF = concentration of a contaminant 

in ttssue/concentration of a contaminant in the media) and body burdens (tissue restdue) from other studies 

Final Phase II  RFI/RI Work Pian (Alluvial) 903 Pad Mound and East Trenches Arras 
Rocky Fiats Plant Golden Colorado 
eg&g\903pad\ou2 ph2\feb\sec-6 feb 

Revision i 
28 February 1991 

Page 623 



which can be compared, when available, to tissue residues and calculated BCFs for fish or macroinvertebrates 

in the Rocky Flats Plant area The contaminant hazard reviews and other toxicdogical literature will also be 

used to evaluate the potential toxicQ of metals to terrestrlal plants and animals, again emphasuing the 

information relative to the target species selected for this EE 

Toxicity tests will be conducted to supplement the toxicity evaluation based on comparing on-site 

concentrations to critem The comparison-to-criteria approach does not consider synergistic/antagonlstic 

effects that can occur when certain metals are present at the same time, or the influence that organic 

contaminants or other substances may have on metal toxicity 

6 2 4 3 Radionuclideg 

The radionuclides of concern assocmted with OU No 2 are plutonium and uranium, with smaller amounts of 
americium Other radionucldes that are potentlal contaminants in water are cesium-137, strontium-89, -90 and 

tritium (see Section 2 3) However, the Phase I RI data for these three radionuclkies are inadequate to assess 

contamination 

The dispersion of radionucldes from the Rocky Flats Plant into air, soil, water, and biota have been studied 

and summarized in a report on the radioecology and airborne pathway at the facility (Rackwell International, 

1986f) Also, the ecological effects of plutonium in the environment at the Rocky Fiats Piant were assessed 

on biota by measuring biological parameters and by pathological examination (Whicker, 1979, Paine, 1980) 

The conclusions of these studies indicate that plutonium is relatively immobile in the environment, and that no 

differences in biological attributes could be related to plutonium levels found in environmental media at the 

Rocky Flats Plant 

a 

Spectfic ARARs for radtonuclrde contamination in enwronmental media are generally calculated for human 

health protection Very few studies have been conducted to relate the effects of radionucldes on non-human 

receptors Most plant populations are less sensfilve than animal populations to radionuclMes or their radiation 

In most cases, the living biomass of plants in the grasslands at the Rocky Flats Plant is small in relationship 

to organic matter and turnover is raptd Most species of wildlife are also short-lived and, therefore, not 

sensttive to radiation effects The exceptions are a few long-lrved predatory bird and mammal species which 

may be sensffive to radiation effects Soil microbes, invertebrates, or anthropods may be sampled and used 

as indicators of plutonium uptake and possible bioaccumulation in the terrestrml environment However, these 

populations have raptd turnover rates wtth respect to numbers, nutnents, and energy They may or may not 
be good indicators of contaminant effects in many cases a 
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The aquatic ecosystems at the Rocky Flats Plant may exhibit bioaccumulation of radionucltdes They will be 

sampled and evaluated during this EE Previous sampling of aquatic communities in ponds and lakes near 

the Rocky Flats Plant has revealed some bioaccumulation in seston (the mass of various lwing and nonllving 

substances in the water column) but, apparently, no transfer of plutonium within the food chain (see Section 

2 3) 

Literature searches will be conducted to locate toxictty studles on plant and animal populations involving 

plutonium and amencium Also, studies investigating the carcinogenicity and other toxic effects of plutonium, 

but involving high doses in controlled laboratory conditions, will be evaluated to see if any d the results might 

be applicable to conditions at OU No 2 

6 2 4 4 Risk Anrlvsla 

The risk posed by contaminants released from OU No 2, assuming 'no action,' will be assessed using one 

or more techniques Six dtfferent methods of analyzing risks to the environment from contaminants present 

at OU No 2 are discussed in this subsection 

1 Comparing exposure point concentrations to published critena or doses with known adverse 
effects 

2 Evaluating toxicity test data from laboratory studies of aquatic and terrestrial organisms, using 
data from studies involving the same species or ciosely related species as found at the Rocky 
Flats Plant (e g , fathead minnows) 

3 Comparing populations of plants or animals existing in contaminated areas to the same 
populations in uncontaminated or "reference' areas 

4 Using a quantitatlve dose-response assessment for a limited number of species 

5 Comparing bioaccumulation of some contaminants in organisms collected from OU No 2 to 
bioaccumulation of the same contaminants reported in the literature 

6 Applying quantitative fault/event tree analysis 

7 Development of a food web pathways model 

The first method, referred to as the quotient method, involves comparing the concentrations of a contaminant 

at known exposure points to published crtteria or a regulatory standard (ARARs), or to a dose known to cause 

adverse or toxic effects (for example an LC,) As discussed in previous sections, the risk from chemical or 
radiological contaminants to populations in nature, based on toxicity tests or epidemiological data, are not 

available in many cases Therefore, the quotient method can be used, employing criterla that have been 0 
I established from the toxicological IRerature 
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@ 
A second risk analysis method involves comparing data from laboratory toxicity tests on standard species to 
natrve species, such as laboratory mice to deer mice in the grassland near OU No 2 Appropriate correction 

factors must be applied to incorporate variability among species, life stages, and so forth, and account for 
dfletences between conditions in the laboratory and in the natural environmental This method will yield an 

indication of what concentration of a contaminant will be a safe level, below which no adverse effects are 

expected to occur A logical refinement of this method would be to conduct toxicity tests on native species 

using water or soil from the OU No 2 area, simulating environmental conditions as much as practical 

A third method is based on comparing on-site populations in known or expected contaminated areas to simiiar 

populations at reference (upgradient uncontaminated) areas Population parameters (e g , growth rates, 

reproduction rates, and mortality rates) or communlty parameters (e g , species diversity, standing crop, and 

productlvtty) are used to assess the differences between the populations in Impacted and non-impacted areas 

At the concentrations of contaminants expected in the Rocky Flats Plant ecosystems, this method may not be 
sensrtive enough to unequivocally determine consequences 

In the fourth method, if the ratio of the daily intake to an acceptable intake exceeds 1 0 (unity) for the defined 

exposure scenario, there is an indication that the exposed spectes may be subject to an adverse impact and 

that further investigation should be undertaken If the ratio is below unity, it is generally assumed that m 
adverse impact will occur This method is comparable to the human health risk assessment approach ' 
In the ftfth method, exposed populations are examined to determine if the tissue concentrations are greater 

than environmental media concentrations The tissue to medla ratio is referred to as the BCF Tissue 

concentrations can also be estimated from published BCF sources if the on-site medla concentration is known 

A slxth method for analyzing risk that will be consMered for possible use at OU No 2 is the use of fault/event 

tree analysis This process examines the release scenanos, pathway analyses, and possible consequences 

to the ecosystems in a step-wise sequence It uses logic dagrams in phased scenarios to which probabilities 

can be assigned This is a quantmtive probabllity method in which uncertainties can also be quantified 

A seventh method includes development of a sde speclfic pathways model based on the ecological field 

investigation and inventory This exposure-receptor pathways model will be used to evaluate the transpofl of 
contaminants from sources to biological receptors This model will provlde an initlal determination of the 
movement and distribution of contaminants, the likely interactions among ecosystem components, and 

expected ecological effects 
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Other methods that have been used for ecological assessment, such as ecosystem modeling are not 

approprcate for use at OU No 2 These methods involve the use of computer simulation and require extensive 

field verrfication o f  the assumptions in the modeling 

Ail risk estimates are dependent on numerous assumptions and the many uncertainties that are inherent in the 

EE process in any evaluation of the level of nsk associated with a site, it is necessary to address the level 
of confidence or the uncertainty associated with the estimated risk Uncertainties are associated with both 

toxicity information (e g , hazard identification and dose-response asses$ment) and exposure assessment 

information Consequently, factors that may significantly increase the uncertainty of the EE results will be 

dentified and addressed in a qualitative and, where possible, a quantitative manner 

Three qualitatrvely distinct sources of uncertainty endemic to any EE are inherent variability, parameter 

uncertainty, and model error It is essential to distinguish between these uncertainty parameters since they 

differ with respect to feasibility of quantification and degree of possible reduction through research or 

environmental monitonng (Barnthouse, et al , 1986) 

Constraints on the precision with which vamble properties of the ecosystem can be measured will limt the 

precision with which it will be possible to predict the ecological effects o f  stress The concentration o f  a 

constituent in a medium varies unpredictably in fate and transport (space and time) because of essentially 

unpredictable varlation in meteordogical parameters such as precipttation and wind direction The 

spatiotemporal distributions and sensitdties to stress of the target species in nature are similarly variable This 

varlabillty can be quantbd for many characteristics of the physical environment that influence the constituent's 

environmental fate (Barnthouse, et ai , 1986) For the OU No 2 EE, actual analytical data will be used as the 

estimates of constituent soil and water concentrations Variable biological aspects of the ecosystem will be 
more difficult to quantlfy 

Parameter Uncertainty 

Errors in parameter estimates may introduce additional uncertainties Parameter values from the scientific 
iderature may be estimated from structure-actlvlty relationships or from taxonomic correlations that are not 

corrected for site-spec& parameters In addition, direct laboratory measurements may be subject to error 
Unlike inherent vanability, however, uncertainties due to parameter error may be reduced by increasing the II) 
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precision of measurements or by replacing extrapolated parameter estimates with direct measurements where 0 possible 

Model Errm 

Model errors will constitute the least tractable source of uncertainty in the EE Major sources of model error 

are (1) using a small variable to represent a large number of complex phenomena, (2) choosing Incorrect 
functional forms for Interactions among variables, and (3) setting inappropriate boundaries or l imb on the 

model universe (Barnthouse, et al ,1986) Although these errors cannot be completely elimlnated from the EE, 

one of the EE objecthres will be to reduce them as much as possible 

6 3 ENVIRONMENTAL EVALUATION WORK PIAN IMPLEMENTATION 

This section describes SIX different tasks under which the EE will be organized and performed The tasks 

address data evaluation and analysis, field investigations including field sampling and analysis, the ecological 

nsk assessment, and preparation of the EE report This task structure will be employed as the principal vehicle 

for scheduling and budgeting of the entire EE process Program flexibility will be required as the nature and 

scope of any particular task may need to be modffied depending on the results of the review of existing data, 

field investigations, and the sampling and analysis program @ 
6 3 1 Ta8k 1 Review of Existing Information 

The depth and breadth of existing data and see informatton pertaining to OU No 2 and its immediate vicinity 

are not currently known Several reports, including the Phase I RI and the Phase II RFI/RI Work Plan, are 
available for OU No 2 There are also monthly and annual Rocky flats Plant Environmental Monitoring 

Reports, as well as some rather generic information on plant and animal species and habitats, induding 

wetlands 

As the list of references included in this EEWP indicates, there are a number of sources of useful information 

in the scienttfic ltterature and in reports prepared by Cdorado state agencies and universities The collection 
and review of the existing database on wetlands and floodplains, threatened and endangered species, 

meteorology, geology, soils, hydrogeology, hydrdogy, geomorphology, and other topics will In Itself be a 

signtficant task It will gutde how each of the subsequent tasks are to be conducted 
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0 6 3 2 Task 2 Data Evaluation a d  A ~ l y d ~  

As discussed in Section 6 2 1 , site-spectfic information and the Scientific literature will be reviewed and analyzed 

to provide a comprehensive data source for the EE The data evaluation and analysis task will review the 

existing database to determine, among other things, the following 

0 Identification and concentration of contaminants of concern (organics, heavy metals, and 
radionucldes) 

0 Site-specific characteristics (dimatology, surface water, ground water, soils, geology, hydrology, 
geochemistry, and terrestrial and aquate ecosystems) 

e Adequacy of data and additional data needs 

The nature, extent, and scientific credibility of the existing database MI, In greet part, dictate the parameters 

for the field investigations in Task 3 

6 3 3 Task 3 Field lnvestigrtlonr (Including Field Sampling) 

The approach to field investigations, including field sampling and analysis, is described in detail in Sectbn 

@ 6 2 2 4 and Attachment 2 0 Fdd investigations will be adequate to determine (1) contaminant source 

characterization, (2) exposure pathway characteraation, (3) presence, absence, and distribution of blological 

receptors, and (4) assessment of toxicity or stress on terrestrial and aquatic ecosystems While data required 

to address items (1) and (2) are assumed to be available from the Phase I RI and the planned Phase I1 RFI/RI 

investgations discussed in Section 5 0, some additional data (e g , information on sediments) wUI need to be 
collected in the field Also, additional data will need to be developed for biological species In order to develop 

a thorough understanding of population dynamics Specifically, information will be developed in the field on 

species dwersity, biomass, sensitive habitats, and food webs All these data AI be needed to assess 
populations at risk 

Field investigations will include each of the items addressed in Section 6 2 2 4 

Qualitative fidd surveys (including sensitive habltats such as wetlands or riparlan Vegetation) 

Comparatlve ecology studies (involving comparisons of impacted and nonimpacted reference 
sites) 

e Sampling of periphyton, benthic macroinvertebrates, and vegetation 

e Toxicny testing 
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Once Tasks 1 and 2 have been completed and the additional data needs speciffed, the field sampling plan 

@ (Attachment 2 0) will be reviewed and modified tf necessary The plan describes sampling technQue8, field 

instrumentation, and data management It will ais0 be integrated with the health and safety plan 

6 3.4 Tlsk 4 E-logicrl Rhk A8mssment 

The assessment of risk to terrestrial and aquatic organisms and haMtats will be accomplished through the 

environmental analysis, toxicity assessment, and risk characterization described in Sections 6 2 2 , 6  2 3, and 

6 2 4 The environmental analysis will characterize ecosystems, populations at risk, and pc&mt&l contaminant 

pathways The ecosystem characterization w#l indude biotk resource hwentorb (wMIlfe, vegetation, and 
aquatic organisms) and abiotic components (SONS, moisture, temperature) WhYe populatbn informath exist8 

for species present at the Rocky flats Rant, the amount, type, currency, and reliability of the database will vaty 
by species from place to place Habitats will be characterized considering direct or indirect exposure to 

contaminant transport, physical disruption of ecosystem processes, physical disruption of habttat due to site 

design or operation, and other stresses not related to the site or its constituents (e g , extreme weather 

conditions) 

The two trophic levels of primary producers and primary consumers will be the main thrust of this assessment 

(Section 6 2 2 1) The three higher trophic levels (primary producers, primary consumers, and secondary 

consumers) are composed of wideranging species or, in the case of decomposers of specialized organisms, 

difficult to measure They will not be studied directly except for microMal biomass These trophic levels m l d  

be a Rocky Flats Plant site-wide study objective 

Populations at risk will be determined by analyzing the distributron of plants and animals within, upgradlent, 

and downgradient of OU No 2 Potentlal ecological impacts will be assessed using several lines of evidence 

which are described in detail in Section 6 2 2 Target or indicator species will be evaluated to determine slte- 

specific constituent impacts 

The risk characterization will provide an evaluation and a summary of all the information that has been 

cdlected and present this information in an understandable manner The risk characterization will also include 

selection of criterm for organic chemicals, metals, and radionuclides It will include both a qualitathre and a 

quantitative analysis of nsks together with their probability of occurrence (see Section 6 2 4 4) Further, the 
risk analysis will include an analysis of uncertainties that are intrinsic to the EE process (see Section 6 2 4 5) 

I 

This task will also summarize the results of the ecological risk assessment to determine ll the objectives were 

accomplished and rf there are uncertainties that have not been resdved 0 
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6 3 5 lark 5 Environmental Evaluation Repod a 
The preparation of the EER will necessttate the accomplishment of three steps or subtasks 

e Submmal of a draft EER 

Review and comment by EG&G e 

e Response to EG&G comments 

Incorporation of responses to comments and submittal of a final EER 

The format and content of the EER is addressed in Section 6 4  A suggested EER outline is lnduded in 
Attachment 4 0 

6 3 6 Task 6 Pmject Management 8 d  Documentation 

The EE will be a multidisciplinary undertaking staffed by speclalists from several different scientific and technical 

disciplines The project wUI be managed by a manager who will have primary responsiblllty for the foliowlng 

functlons 

e Coordination of ail six EE tasks 

Selection and assignment of personnel 

Cost estimating, scheduling, and schedule/cost control 

Tracking of documentatron and preparation of the EE report (EER) 

bison with EG&G and submlttai of progress repotts and other documentation 

Coordination with whatever contractors are performing the OU No 2 RFi/RI 

The EE staff will include, but not necessarily be limited to, specialists in the following disciplines 

e Soils science/gedogy 

Terrestrial ecdogy 

Surface water and ground water hydrology 

e Aquatic ecology 

Environmental toxicology 

e Climatdogy 
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e Computer modeling 

e Health and safety 

e Quality assurance 

e Costs/schedule control 

Representatives d each of the technical and scientific disciplines will work together as a team to CheracteriZe 
the OU No 2 site and the surrounding area that could possibly be affected by OU No 2 contaminants The 

exact geographic scope of the investigation cannot be determined untl existing literature hes been revicrwed 
and some field work has been undertaken The scientific and technical team will Mentlfythe geographic scope, 
the location of sources of contamination on or near the site, the types and distribution of ecological h9blsats, 

and the nature of possible alr, water, sediment, and SON pathways The detals of these investigations are 

described in the methodology discussion in Section 6 2 

Throughout the EE process, it will be important to coordinate efforts with the RFI/Ri process and the health 

risk assessment for Operable Unit Nos 1,2, and 5 It will also be necessary to coordinate wlth contractors 

responsible for EEs or other types of investigations at OUs in close proximity to OU No 2 

e The EE will produce muttiple types of documents and documentation requirements EEWP modifications, 

progress reports, minutes of meetings with EG&G, field data, photographs, existing reports and other data, 

records of telephone conferences, scientific iiterature, sampling and analytical data, and the draft and final EE 
reports To the extent practical, all documentation will be retained in the same location for easy access by 

members of the EE project team and RFI/RI personnel 

6 4 FORMAT AND CONTENT OF THE ENVIRONMENTAL EVALUATION REPORT 

The results of the EE will be presented in a clear, concise manner The conclusions will be organized around 

the risks posed by contaminants from OU No 2 to specific plant and animal species Final conclusions will 

be based on lines of evidence from several assessment techniques The conclusions section of the EER will 

include a discussion of the EE objectives to determine if they were accomplished Also, uncertainties 
assocmted with the EE wll be presented, along with an evaluation of how these uncertainties influence the 

conclusions The EE will determine whether OU No 2 presents an unacceptable environmental risk unless 
rernedlal actions are undertaken 
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The EER will have three basic uses It will be used to 0 
Determine the nature and severity of the environmental nsk resulting from exiSting 
contamination at OU No 2 wfthout remedial action (the 'no-action' atternatbe) 

Determine the need for remedial action and provide informetion needed to evaluate potential 
environmental impacts d remediation alternatives 

Prepare appropriate environmental documentation Wed to comply wlth the Natio~I 
Environmental Policy Act (NEPA) 

The introductory sections in the EER will define the objectives and scope of the EE i n V e g t ~  and m l y  

describe the physical and biological characteristics of the site Informath from this EE and prior Studk, such 
as the OU No 2 RFI/RI field investigations, will be used to identify the contaminants of mm, assem the 

sources and fate of transport mechanisms for these contaminants, and describe the logical pathways and 

receptor species or communities 

The characterization of risks in the EER (see Section 6 2 4) MI be based on several lines of scientific evidence 

For example, one line of evidence will be based on comparing on-slte contaminant concentrations to organic 

chemical, metal, or radmuclide criteria in addition to toxicity data from the literature Another line of evidence 

will compare biological communtties at on-site stations to reference stations e 
Since the assessment of risk to biological receptors is largely based on the weight of the evldence supporting 

particular conclusions, a summary section wdl be Included in the EER This section will present the various 

lines of evidence supporting (or failing to support) each basic conclusion and wHI discuss the associated 
uncertainties The factors that limit or prevent development of definitive conclusions will be described and the 

degree of confidence in the data used WHI be presented 

The EER will be structured and written to faclitate its use by a diverse audience technical specialists, 
scientists, administrators, and the general public Portions involving technical detail, such as explanations of 

methoddogies or fate and transport models, will be presented in appendices An Executive Summary will be 
prepared to bnefiy present the basic information contained in the ecosystem characterization, expure, 

toxicity, and risk assessment portions of the report and describe how this information supports the risk 
characterization conclusions A glossary will be included to define technical terms along with a list of 

acronyms A complete list of references, including the scientific literature cited, will also be included All of 

the report elements listed above are included in the OU No 2 EER outline in Attachment 4 0 
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7.0 

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

This section provides a preliminary fdentihcation of chemical-specific ARARs for aliuvial (upper HSU) ground 
water, and soils at OU No 2 so that appropriate analytical detection limits are used during the RFI/RI Use 

of appropriate detection limits is necessary to allow evaluation of compliance with ARARs in the CMS/FS 

repott As described in Sectkm 7 2, evaluetion and establishment of iocation-spedflc ARARs are a part d the 
RI process and will be addressed in the RFI/RI Report Final chemical-speclflc ARAR detenninetlons will also 

be addressed in the RFI/RI Report identification of action-specific ARARs and remedbtkn gods Is a part of 

the feasibility study process and will be addressed in the CMS/FS Report 

7 1 THE ARAR BASIS 

The basis for ARARs is cited in Section 121 (d) of CERCIA, as amended by the Superfund Amendments and 
Reauthorization Act of 1986 (SARA), which requires that Fund-financed, enforcement, and federal faculty 

remedial actions comply with all applicable or relevant and appropriate federal environmental or promulgated 

state environmental or facility siting laws For the purposes of identification and notlkation of promulgated 

state standards, the term 'promulgated" means that the standards are of general applicabUlty and are legally 

enforceable [NCP, 40 Code of Federal Regulations (CFR) 300 sOO(g)(S)] m 
Health-based, chemical-specific ARARs pertinent to ground water and sdls (environmental media addressed 

as radionuclides and conventional pollutants, that were detected above background The chemical-speck 

ARARs are derwed primarily from federal and state health and environmental statutes and regulations As 
discussed below, in some instances these standards are classified as items "to be considered' FBC) A 

summary of chemical-specific ARARs for the contaminants found at the 903 Pad, Mound, and East Trenches 

Areas in alluvlal ground water is presented in Table 7-1 Maximum contaminant concentrations identified in 

the respectwe medla at OU No 2 are shown in the table for comparison to the ARAR or TBC These ARARs 

pertain to both the upper and lower HSUs (alluvlel and bedrock ground water), due to the potential hydraulic 

interconnection of the two units The same list of parameters will be utilized for analysis of samples collected 

from ground water in both the alluvial and bedrock OU No 2 RFI/RI work plans In the final chemical-specffic 

ARAR analysis, a common list of parameters w~ll be analyzed for both HSUs 

I 
I by this work plan) have been MentW for the EPA CLP, TCL organic, and TAL inorganic compounds, as well 

One medium for which chemical-specific ARARs do not currently exist is soils As the remedial investigation 

proceeds, information will become available from the baseline risk assessment which will allow a determination 
of acceptable contaminant concentrattons n soils to ensure environmental "protectiveness ' This is discussed 
further in Section 7 5 

a 
I 
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ARARs addressing contaminants in air wll be included in the CMS/FS Report in general, federal and state 

@ standards for air exist only as source- or activity-specific requirements and, accordingly, will be addressed in 

detail in the FS process 

Surface water stations in the streams, ponds, and ddches in the OU No 2 study area are consldered to be part 

of OU Nos 5 and 6 Seeps, however, are considered part of OU No 2 as they represent ground-water 

dtscharge locations These seeps, therefore, are treated as points at which to evaluate ground water quality 

for the purposes of this work plan Accordingly, no discussion of ARARs relathre to surface water is presented 

in the section Ground-water seeps, their impact on surface waters, streams, and compliance with surface 

water ARARs is a subject of the OU Nos 5 and 6 RFI/RI work plans 

7 2 THE ARAR PROCESS 

7 2 1  ARARs 

Applicable requirements " as defined in 40 CFR 300 5, are "those clean-up standards, standards of control, and 

other substantwe requirements, crderla, or limttations promulgated under federal environmental or state 

environmental or facillty sting laws that specifically address a hazardous substance, pollutant, contaminant, 

remedial action, location, or other Circumstance found at a CERCLA site Only those state standards that are 

identdied by a state in a timely manner and that are more stringent than federal requirements may be 

applicable " "Relevant and approprrate requirements," also defined in 40 CFR 300 5, are "those clean-up 

standards, standards of control, and other substantive requirements, criteria, or limltations promulgated under 

federal environmental or state environmental or facility siting iaws, that, whNe not "applicable' to a hazardous 

substance, pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site, address 

problems or srtuations sufficiently similar to those encountered at the CERCLA sde that their use is well suited 

to the particular site Only those state standards that are ldentdied in a timely manner and are more stringent 

than federal requirements may be relevant and appropriate " The most stringent promulgated standards are 

applied as ARAR (Preamble to NCP 55m 8741) 

0 

7 2 2  TBCs 

In addition to applicable or relevant and approprlate requirements, advisories, criteria, or guldance may be 

identdied TBC for a particular release As defined in 40 CFR 300 400(g)(3), the TBC category consists of 

advisories, crderia, or guidance developed by EPA other federal agencies, or states that may be useful in I 
developing remedies Use of TBCs is discretionary rather than mandatory, as opposed to the use of ARARs, 
which is mandatory 
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7 2 3 ARAR Categories e 
In general, there are three categories of ARARs These categories are 

1 Ambient or chemical-specific requirements 

2 Location-specific requirements 

3 Performance, design, or other action-specific requirements 

ARARs are generally considered to be dynamic in nature in that they evolve from general to very speclfic in 
the CERCLA site clean-up process initially, during the RI work plan stage, probable chemrcal-specific ARARs 

may be identified, usually based on a limited amount of data Chemical-specific ARARs at this point have 

meaning only in that they may be used to estabiish approprlate detection limits, so that data collected in the 

RI will be amenable for comparison to ARAR standards These proposed chemical-specific ARARs are not 

necessarily representatwe of the final ARARs which will ultimately contrd selected remedial actions It is also 

appropriate to identrfy location-specific ARARs early in the Ri process so that information may be gathered to 

determine d restrictions have been placed on the concentration of hazardous substances or on the conduct 

of an actwrty solely because it occurs in a special location 

@ 7 2 4 Feasibility Study ARAR Requirements 

Development of a preliminary list of potential chemical-specific ARARs in the RI process also allows the 

establishment of a list of preliminary remediation goals in the early FS process, which Is essentially a tentative 

listing of contaminants together with initially anticipated dean-up concentrations or risk levels for each medium 

Preliminary remedlation goals serve to focus the development of alternatives on remedial technologies that can 

achieve the remediation goals, thereby limiting the number of alternatives to be considered in the detaled 

remedial alternatwe analysis, conducted later in the FS process As more information becomes avallable dunng 

the RI stage chemical-specific ARARs m a y  become more refined as constituents are added or deleted Once 
data collection is complete revised chemical-specdic ARARs may be proposed 

When the data collection is complete rt is also appropriate to refine location-specific ARARs which may affect 

the development of remedial alternatlves In addition, during development of remedlal action alternatives at 

the beginning of the FS process, a preliminary constderation of action-specific ARARs will be conducted As 

remedial alternatives are screened during the FS, action-specific ARARs will be ldentified When a detailed 
analysis of the remedial alternatives is conducted, all action-specdic ARARs are refined and flnalued with 

in the FS report for each remedial alternative regarding the rationale for all ARAR determinations 

I 

I respect to each alternative before a comparison of alternatives begins At this point, a discussion is provded 

I) 
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7 3 REMEDIAL ACTION AND REMEDIATION GOALS 

CERCLA I1 21 specrfically requires attainment of all ARARs Moreover, as explained in the preamble to the 

NCP (55 8741), in order to attain all ARARs, a remedlal action must comply with the most stnngent 

requirement, which then ensures attainment of all other ARARs Furthermore, CERCLA requires that the 

remedies selected must attain A R A R s d  be protective of human health and the environment Consequently, 

preliminary remediation goals based on ARARs will require modification as new information and data are 

collected in the RI, Including the baseline risk assessment (to be conducted), when ARAFts are not available 

or are determined to be inadequate for protection of human health and the enwronment 

Development of remediation goals is actually a portion of the overall development of remedial action objectives, 

which ultimately will define the required endpoint of the selected remedial action As stated in the preamble 

to the NCP (55 FR 8713), "remedlal action objectives are the more general description of what the remedial 

action will accomplish Remediation goals are a subset of remedlal action objectives and consist of medium- 

spectfic or operable unit-specific chemical concentratms that are protective of human health and the 

environment and serve as goals for the remedlal action The remedial action objectives should specify (1) 

the contaminants of concern, (2) exposure routes and receptors, and (3) an acceptable contaminant level or 

range of levels for each exposure medium (I e , a preliminary remedlation goal) " According to 40 CFR 300 430 

(e)(2)(1) "Remedlation goals shall establish acceptable exposure levels that are protective of human health and 

the environment and shall be developed by consldenng the fdlowing" 
1 @ 

(A) ARARs (chemical-specHic) and 

(1) 
(2) 
(3) 
(4) Uncertainty factors, and 
(5) Other pertinent information 

Acceptable exposure levels for systemic toxicants, 
Acceptable exposure levels for known or suspected carcinogens, 
Technical limitations (e g , detection limits), 

(B) Maximum Contaminant Level Goals (MCLGs) [or Maximum Contaminant Levels (MCLs) where 
MCLGs are zero or where MCLGs are not relevant and appropriate], where relevant and 
appropriate 

(C) Acceptable exposure levels where multiple contaminants or multiple exposure pathways will 
cause exposure at ARAR levels resulting in cumulatlve risk in excess of lo4 

(D) CWA Ambient Water Qualny Criteria (AWQC) where relevant and appropriate 

(E) A CERCLA Alternative Concentration Limn (ACL) established pursuant to CERCLA § 
121 (d) (2)(W (10 

(F) Environmental evaluations, performed to assess specdic threats to the environment 
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Once a preferred remedial action altematrve is formally selected, all chemical-, location-, and action-speck 0 ARARs have also been defined in Rnal form If it is found that the most suitable remedlal alternative does not 

meet an ARAR, the NCP at 40 CFR 300430 (f)(l)(ii)(C) provldes for wawers of ARARs under certain 

circumstances, such as technical impracticabillty, risk, or inconsistent application of state requirements From 

this point, the alternatrve will become the final remedy as It is incorporated into the Record of Decision (ROD) 

Once the final ROD has been signed, requirements may be modified only when they are determined to be 

applicable or relevant and appropriates necessary to ensure that the remedy is protecthre of human health 

and the environment [40 CFR 300 43O(f)(l)(ii)] 

7 4 OU NO. 2 ALLUVIAL GROUND-WATER ARARs 

The ARARs for allwlal ground water listed in Table 7-1 were developed using the ARARs rationale described 

above and were ldentdied by examining the following promulgated standards 

0 SDWA MCLs 

a RCRA 40 CFR Part 264 Subpart F concentration Iimlts 

7 4 1 Safe Drinking Water Act MCLo ' e  
SDWA MCLs represent the maximum permissible level of a contaminant in water which IS delrvered to the free- 

flowing outlet of the ultimate user of a public water system I40 CFR 141 2(c)J Because ground water at 

OU No 2 is a potentlal source of drinking water, MCLs are ARAR Furthermore, the NCP [40 CFR 300 430 (e)] 
requires that, in development of altematrves for final remediation, the following be consklered for current or 

potential sources of drinking water attainment of MCLGs or MCLs, if MCLGs are zero, and attainment of CWA 

AWOC, where relevant and appropnate Because ground water at OU No 2 is a potential source of drinking 

water the MCLGs (or MCLs) are relevant and approprate and should be attained (note the MCLGs are 

currently zero or equal to the MCLs) It should be noted that on January 30, 1991 (56m 3526) EPA published 

new MCLs and MCLGs in final form for a number of the constduents ldentlfied in Table 7-1 These standards 

are effective July 30, 1992 and will be regarded as relevant and appropriate at that time For purposes of this 
work plan the new MCLs (new MCLGs are zero or equal to the MCLs) have been determined to be proposed 

TBC and are tdenttfied as such in Table 7-1 The AWOC, are not ARARs and are not consldered with respect 
to ground water since they are intended for the protection of surface water relatlve to fish ingestion and 

drinking water or only fish ingestion Therefore ct is inappropriate to apply such CWA crlterla to ground 
water 
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7 4 2 RCRA 40 CFR P8R 264 Subpart F Concentntfon Limits a 
Owners or operators of facilities that treat, store, or dispose of hazardous waste must ensure that hazardous 

constituents listed in 6 CCR (Colorado Code of Regulations) 1007-3 and 40 CFR 261 Appendoc WII entering 

the ground water from a regulated unit do not exceed concentration limits (6 CCR 1007-3 and 40 CFR 264 94) 
at the point of compliance in the uppermost aquifer The concentration limits indude standards for 14 

compounds (these standards are equivalent to and a subset of SDWA MCLs and are klenttfied at 40 CFR 
26494, Table l), with background or ACLs used as the standards for the other RCRA 40 CFR Part 261 

Appendix Vlll constituents or 40 CFR Part 264 Appendix IX constituents These concmtmtbn llmtts apply to 

RCRA 'regulated units' subject to permitting (defined at 40 CFR 26490 to indude LandfUls, surface 

impoundments, waste plies, and land treatment units) that received RCRA hazardous waste after July 26,1982 

Although OU No 2 does not contain RCRA-regulated hazardous waste management units, it does contain 

IHSSs As a result, these RCRA 40 CFR Part 264 Subpart F regulations are considered relevant and 

appropriate for ground water 

As discussed above, an ACL may be estabtished for a hazardous constituent if it is determined that attainment 

I of a Subpart F Table 1 constituent standard or background standard IS not necessary to ensure adequate 

protection of human health and the environment Furthermore, EPA has stated that for potentla1 drinking water 

sources the Agency's preference is to set remdation levels that are the equivalent of exposure- or health- 

based ACLs under RCRA (EPA, 1988d) Therefore, rt is inapproprlate to establish background as an ARAR 

unless it may be determined through risk assessment that attainment of background is necessary for adequate 

protection of human health and the environment Accordingly, 40 CFR Part 264 Subpart F Table 1 standards 

and hazardous constltuent background values WIN be applied as TBC untl such time as risk assessment 

information indicates some other alternative standard is necessaryto ensure 'protectiveness ' TBC background 

ground-water values for Subpart F are applied using maximum concentrations from background ground water 

in both the alluvlal and bedrock ltthdogies at Rocky Flats Plant 

@ 

7 4 3 Ground-Water TBCs 

The Colorado Water Qualny Control Commission (WQCC) statewide ground-water standards have been 

applied as TBC since they are not yet enforceable Similarly, since ground water at Rocky Flats Plant has not 

been classdied the use-specdic standards in Tables 1 through 4 of the WQCC Basic Standards for Ground 

Water at 3 11 0 (5 CCR 1002-8) have also been applied as TBC where ARARs are not available In this 
application the most stringent of the standards in Tables 1 through 4 has been ldentified as TBC 
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7 5 OPERABLE UNIT NO 2 SOIL ARAR8 a 
As discussed in Section 7 1, one medium for which chemical-specific ARARs do not currently exist is soils, 

however a risk assessment will be performed to determine acceptable contaminant concentrations in soils to 

ensure environmental 'protectlveness " At this time, with respect to establishing analytical detection limits for 

soils, use of the method defection limlts provided in the GRRASP (EG&G, 199Ok), which are CLP contract 

required quantitation limits, should enable meaningful interpretation of soil sample re9W 

7 6 OU NO 2 ARARs SUMMARY 

Table 7-1 shows that certain volatile organics, metals, and major ions that were analyzed have exceeded 

proposed chemical-specdic ARARs at some locations within OU No 2 This does not indicate releases of these 

constments are occurring, since the concentrations of some substances may be due to past releases or to 

natural geochemical processes The listing of Table 7-1 has been presented to identlfy parameters for which 

analysis should be conducted in the Phase II RFI/RI, and to identify the minimum acceptable detection limits 

for analytes found in OU No 2 alluvial ground water The FS will evaluate technologies that address these 

constituents 

@ Of the elements/compounds detected in ground water at OU No 2, there are no ARARs or TBCs for calcium, 

magnesium, molybdenum potassium, sodium, or strontium However, the TDS TBC provided by the WQCC 

Ground Water Standards establishes the acceptable aggregate concentration for the major metal ions 

(excludes strontium and molybdenum) 

For any contaminants detected in ground water for which no ARARs or TBCs were found, analytical detection 

limits will be based on the method detection limits provlded in the GRRASP (EG&G, 1990k), which are CLP 
contract required quant-tion limits and should enable meaningful interpretation of sample results Risk-based 

concentrations based on the baseline risk assessment establish the remedlation goals for these trace metals 

and organics, thus ensuring environmental "protectlveness " 
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6 0  

SCHEDULE 

The schedule for conducting the Phase II RFI/RIFS is summarized In Figure 8-1 The schedule includes both 

the allwlal and bedrock components of the RFI/RI and the CMS/FS actMties The time frames are in 

accordance with the IAG schedule 

0 

As discussed in Section 5 0 (FSP), the RFI/RI for the allwlal characterization MI be conducted in steps 

Monitoring wells will be installed for plume characterization followed by the drilling and inda#atiW, of borings 

and mondoring wells for source charactemtion Borehde, ground-water, sediment, and 8uffWal SOU samples 
will be collected for chemical analysis The data will be walldated and evaluated for incorpwation into the draft 
and final RFI/RI reports 

During RFI/RI report preparation, treatability studies will be in progress and the CMS/FS will begin The 

CMS/FS will include remedal alternatrves development and screening, and detailed analysls of attematives 

According to this schedule, nearly four years will elapse from the time this work pian IS Rnalked until the final 

CMS/FS report is prepared 
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SECnON 9.0 

QUALITY ASSURANCE ADDENDUM (W) 

The QAA for OU No 2 and the QAPP will be submitted to EPA and CDH as controlled documents under 
separate cover These documents will establish specific QA controls applicable to the field investigetions for 

OUNo 2 

The following items will be presented in the QAA 

0 

e 

e 

0 

0 

0 

0 

0 

0 

0 

e 

ER Program organization and responsibilities 

Analytical methods and detection limits for the FSP parameters 

EG&G SOPS applicable to the field activities 

Data reduction, validation, and reporting requirements and guidelines 

Document control specifications 

Information on sample containers, preservation, and holding times 

Chaln-of-custody protocol 

Control of measuring and testing equipment 

Handling, storage, and shipping of samples 

Record keeping 

Data qualrty objectives 
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ATTACHMENT 1 0  

SURFlClAL SOIL SAMPLING PIAN 

1 1 STATEMENT OF THE PROBLEM 

The contamination of surficial sdls around Rocky Flats Plant by plutonium (Pu) owes was mainly caused by 
leaking barrels of plutoniumantaminated oil in the area known as the 903 Pad (Krey and Hardy, 1970) 

Numerous studies (Krey and Hardy, 1970, Seed, et ai, 1971 , Poet and Martell, 1972, Johnson, et al , 1976, 

Little, 1980, Little, et ai, 1980) concluded that surficiai soils in thy area 888t of the 903 Pad are contaminated 
with plutonium and americium (Am) due to wind dispersal of SOU partides during deanup Operations More 

recently, the Phase I Ri for Operable Unit Number 2 (OU No 2) (Rockwell intwmtkmal, 1987a) found that the 

concentrations of plutonium and americium were elevated in composite so8 samples adjacent to Trench T-2 

(BH25-87, BH 26-87, and BH27-87) and the Reacthre Metal Destructh Site (BH28-87) 1-1 (boreholes BH35-87 

and BH36-87) In addition, the Phase I RI found occasional elevated concentrations of plutonium [ > 0 05 

picoCuries per liter @Ci/l)] in filtered surface water samples from seeps (surface water sampling stations SW- 

50, SW-53, and SW-SS) and in stream sediments [> 0 9 picocUries per gram (pCi/g)j along Woman Creek 
(sediment sampling stations SED-25, SED-26, SED-29, and SED-30) It has been suggested that the source 

of the contaminated sediments is the surface soils from the 903 Pad area which are transported by wind 

However, the elevated concentrations of plutonium in filtered and unfiltered seep waters above Woman Creek 
suggest that some of the plutonium may travei in surface and ground water Also, 4 sampling results 

indicate that the actinides are enriched near the soil surface Further investigation is necessary to characterize 

the transport mechanisms that control the spatiai and vertical distribution of these radionudides 

0 

1 2  OBJECTIVES 

The objectives of the proposed work plan for the surfkial sdls are to determine the spatial and vertical extent 
of plutonium and americium in surficiai soils of the remedial investigation areas and in the buffer zone, to study 

the physicochemical association of plutonium and americium in surficial sdls (static and mobile soil phases) 

above seeps SW-50, SW-53, and SW-54, to study the movement of both water and radionudides (coliddal and 

dissolved) down the soil column, and to ascertain the hydrogeochemical relationships between the sol 
interstrtlal water and the seeps downslope 
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1 3 SPATIAL DISTRIBUTION OF PLUTONIUM AND AMERICIUM EAST OF THE ROCKY FIATS PUNT l 

The spatial dependency and distribution of actinides in surflcial 804s will be studied through the use of 

geostatistical techniques The key concept of geoscatistics is the regionalized variable The variable is a 

function describing the geographical distribution of an environmental contaminant, such as plutonium and 

americium, in the sol environment A principal concern of geostatistics Is to relate the reSUb obtained from 

one method to that obtained from another method [i e , Rocky Fiats Plant (RFP) as compamd to the Cdmdo 

Department of Health (CDH) SOH sampling techniques] These characterktks of geWaWC8 will allm the use 
of historical data together with results generated by Phase II For example, the spatial dMbution of plutonium 

and americium in the SONS collected using the Rocky Flats Plant method [Seed, et al , 1971, unpublished data 

cdiected 1975 through 1978, and annual sol sampling conducted at Rocky Flats Plant (Rockwell international, 

1975 through 1985,1986, 1987b, 1989 and EG&G, 1990a)Jl as well as aerial and surface radiological surveys 

conducted by EG&G/Energy Measurements (EM) in 1981 and 1989 (EG&G/EM, 1982 and 1990, respectively) 

Knging will be used to make spatial distribution (contour) maps Unlike conventional contouring subroutines, 

kriging uses certain statistical optimal properties and provides measures of the error of the contoured surface 

Knging uses the information from the semhrariogram to find an optimal set of weights that are used in the 
estimation of the surface at unsampled locations The semivariogram describes the rate of change in a 

regionalized variable and measures the degree of spatial dependence between samples within geographical 

boundaries The variogram splits the total variance in a data set into two parts The first represents the spatial 

difFerences between the values of the samples taken at points separated by increasingly large distances, 

whereas the second represent local or short-range variances The latter is called the nugget variance which 

represents random variance Because the semtvariogram is a function of distance the weights change 

according to the geographical arrangement of the samples (Isaaks and Srivastava, 1989) 

0 

The need for better understanding of the spatial and vertical distribution of plutonium were recognized many 

years ago by the Committee Evaluation of Plutonium Levels in Soils within and surrounding a U S Atomic 

Energy Commission (AEC) Installation at Rocky flats, Colorado (Seed, et al , 1971) They recommended that 

the mechanism of plutonium transport in soil be addressed, and the chemical form of plutonium In Rocky Flats 

Plant soils should be determined In response to these recommendations both extensive and intenslve studies 
were conducted 

The plutonium concentrations in soils east of the 903 Pad clearly suggest a spatial trend from west to east 

(Figure 1-1) The strong west-east vector suggests that wind is the most probable force that controlled 
plutonium transport across the landscape 
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Expenmental semi-variograms consist of three parameters sill, range, and nugget The sill is defined as the 
maximum value in the semi-variogram where y(h) = C for h L a The value h = a Is called the range and Is 
the maximum separation distance for which sample pairs remain conelated in most sdl studks y(h) will 

remain nonzero as h approaches zero, which is called the nugget effect (y(h) = C,, h > 0) It reflects the 

inherent random varlatlon of a contaminant dispersion in the environment that cannot be predicted by any 

method and/or varlablltty W e e n  sampling points at a distance less than that actually used or available The 

variogram computatkm suggests a gaussian model with nugget of 0 34, sill of 0 71 and a range parameter of 

1,237 (Figure 1-2) The gaussian model was computed using the following formula 

Y(h) = co + C[~-exP(-h2/%2)I 

where 
y(h) = variogram, 
(h) = lag interval, 

C, = nuggetvariance, 

C = sill, and 

A,, = range parameter 

Kriging estimates using the gaussian model were computed for the extensive study Sites and are depided In 
Figures 1-1 and 1 3  Figure 1-1 depicts contours of sol-plutonium estimates in the buffer zone east of the 903 

Pad Kriging permits one to estlmate the variance of each estimated mean and hence to 888888 whether 

additional data are needed in a given area The main sources of the error estimates are (1) number of the 
nearby samples, (2) proximity of the available samples, (3) sfmtkl arrangement, and (4) the nature of the 
contaminant Figure 1-3 illustrates the kriging standard of error estimates, which are low in the center of the 
buffer zone, and which verlfy the goodness-of-ftt of the kriging estimates in this location However, large 

standard error estimates were observed near the 903 Pad and in the northeast and southwest cdmers of the 
grid (Figure 1-3) These findings strongly suggest that a larger data set is needed in order to better estimate 

the spatial distribution of plutonium east of the 903 Pad It should be noted, however, that on numerous 
occasions soils east of the 903 Pad were collected for various reasons (ea, EG&G/EM, 1990) The 
unpublished data collected in 1975 to 1978 was used in the above kriging computation because of Its inherent 

consistency (sampling, handling, and analysis of the sols, and excellent geographic distribution of the Sous) 

0 

The traditional method of mapping (hand-contouring or computer generated contour maps) usually produces 

smooth contours that honor the data at known points These techniques usudly produces fairly erratic 

contours Geostatistical techniques will produce a much smoother map that shows the aeneral trend of a ghren 

pollutant (e g , Figure 1-1) in addition, kngtng will provide an estimate of the errors of estimation for the 

general trend (Figure 1-3) as well as the correlation between sample values at the sampling interval used A 
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cross section through the traditional map will show the variations in concentrations necessary to fit a smooth 

curve through the data, whereas the kriged section line will show a broad general trend and differs from the 

data by an average amount corresponding to the nugget effect Hence, one should not expect to see a kriged 

contoured map that precisely matches all the observed points, but rather the best linear, unbiased estimate 
of the general trend of plutonium and americium In the soil environment east of 903 Pad [An indepth 

discussion of geostatistics and precise definition of the various terms used are presented in the introductoty 

textbook (Isaaks and Srhmstava, 1989)l 

1 3 2 Source of Kriging Variations in Soil-Plutonium Concentmtions in Swhco Sdlr 

In constructing these spatial distribution estimates the area immediately adjacent to the 903 Pad was excluded 
from the kriging analysis because of extremely large variations in sdl-plutonium (Table 1-1) Hence, the 
contours of soil-plutonium depicted in Figure 1-1 provMe a somewhat skewed distribution of soil-plutonium 

away from the source M e ,  et al (1980) speculated that the large range in plutonium concentrations in Rocky 

Fiats Piant soils may derive from many small plutonium partides agglomerated with large sol partides to form 

aggregates In another site, (Aiken, South Carolina) concentrations of plutonium in soils especially near the 

source were also highly variable with coefficients of variation usually exceeding 1 0 (Pinder and Paine, 1980) 

They ascribed the variations in plutonium-239,240 to varying distance from point of release (75 percent), 

microtopographical variations (20 percent) and sampling error, which included subsampllng and analytrcal error 

@ (5 percent) 

1 3 3 Ground Based Gamma Sunmy 

A ground-based gamma survey of the area east of the 903 Pad was conducted by EG&G/EM during the fall 

of 1990 The gamma emitting isotopes in the area east of the 903 Pad were measured by High Purity 

Germanium Gamma Detectors (HPGe) A 150 feet gnd spacing was selected to provide 100 percent land 

coverage The instrument height was set at 7 2 meters (m) above ground surface Count time was set at 15 

minutes based on the sKe of the area and number of measurement points needed to be accomplished in a 

reasonable time frame The vehicle Mounted System, as set up, had a minimal detectable actMty of 0 9 pCi/g 

for amencium-241 These readings represent an averaged americium activity within the top 3 centimeters (cm) 

of the soil Plutonium concentrations were dertved from the linear relationship between americium and 

plutonium in Rocky flats soils ([Pu] = 6 23 x [Am], R Reiman, unpublished data) This estimate takes into 

account the original isotope mix and mocture age (EG&G/Energy Measurements, 1990) wing estimates 

using the linear model were computed for americium and plutonium distributions east of the 903 Pad (Figures 

1 4  through 1-7) The letters H and L in these figures represent higher and lower values than the adjacent 

contours Locations which contained americium values of less than 0 9 pCi/g were not included in the kriging 

computations The radiological data provides an excellent spaced grid for spatlal estimation of radionuclides, 0 
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TABLE 1-1 

SOIL-PLUTONIUM CONCENTRATIONS IN SURFACE SOILS EAST OF THE 903 PAD 

Author 
Campbell (1984) 

DOE (unpublished, 
samples collected 
and analyzed 
in 1990) 

sw 
Number mmph 

amR!mm- -a.mk- 
of Standard Concentmtion Concontntion colkction 

19 1024 978 74 - 3700 RFP 

10 267 1 73 2 - 5 6 6  RFP 

10 1 47 90 8-283 CDH 

* Sample Collection Method 
RFP - Rocky flats Plant 

The sdl samples are collected by driving a 10 x 10 centimeter (4 x 4 inches) cutting too( 5 centlrneters 
(2 inches) deep into undisturbed soil The soil sample within the tool cavity is collected and placed Into 
a new onegallon metal can Five subsamples are collected from the comers and the center of two 
onemeter squares, which are spaced one meter apart Each set of 10 subsamples is composlted 
(5OOO cm? for soil radionuclides analyses 

The soil samples are collected by driving a stainless steel sampling device (5 08 x 5 4 x 0 25 cm, 2 x 
2 1/8 x 1/4 inches) into an undisturbed soil The sdl sample within the tool cavlty Is collected and 
placed into a new one-pint metal can Twenty-five subsamples are collected from a regional sampllng 
sector or 1 O-acre area within a specifid parcel of land to yield a single composite sample The sample 
locations shwkl be more or less evenly spaced within the area If a single sample is taken frarn a 
single sampling location, then the sampling location should be representative of the area of interest 
CDH has a set of specific requirements for the sampling location 1) undisturbed area by anything 
other than natural causes for as long as possible, preferably for several years, 2) the location is 
relatively flat, open terrain, and 3) the site does not lie in the shadow of a hHlsMe or other topographic 
feature that altered wind pattern 
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thus relatrvely small error of estimates were observed near the 903 Pad (Figures 1-5 and 1-7) However, an 

extremely large reading of americium (91 pCi/g) was observed in one location (Figure 14) which reinforced 

the notion that the spatial distribution of radionuclMes near the source point can be extremely erratic @ 
I 1 3 4 Proposed Work 

I In order to assess the extent of plutonium, americium, and uranium (U) in surficial sdls within the plant 

boundaries, samples will be collected across the area identified in Figure 1 4  Consisting d approximatdy 800 

acres Figure 14 was constructed on the basis of the above literature review, data analyeis d unpublished 
material (Figures 1-1 and 1-2), and in-sku radiological survey measurements (Figures 1-4 through 1-7) The 
State of Colorado requires special techniques for construction on lands with plutonium COCICBntt-BitjOns greater 

than 0 9 pCi/g of dry soil To evaluate the soil-plutonium values relathre to this guueline the CDH sampling 

protocol will be used 

The CDH sampling protocol requires 25 subsamples to be compostted within a lo-acre area for analysis 
Because of the large variations in sdl-plutonium near the source area, a 25acre grid will be sampled 

immediately east of the 903 Pad and around the East Trenches area (Figure 1-8) This sampling design will 

sewe two purposes (1) increase our confidence in soil-plutonium estimates around 903 Pad and East 

Trenches Areas, and (2) expand the number of SOU data far kriging estimates The pedologic sampling in the 

2 5-acre area will consist of 25 suteamples for plutonium, americium, and uranium concentration determination 

In addltion, 25 subsamples will be composlted within the 1O-acre grid to 888888 the spatial distribution of 
plutonium and americium within the buffer zone east of the 903 Pad (Figure 14) The nofthwest comer of each 
grid will be suweyed and identified with an appropriately marked steel post Grids will be oriented on the 

cardinal compass directions The 25 subsamples for the composite samples will be located with a hand held 

compass and tape measure using the northwest comer as the starting point If large concentrations of 
plutonium (> 10 pCi/g) are detected north of the Mound Area, ten additional 1Oacre plots will be added 

between the Mound Area and North Walnut Creek 

1 4 VERTICAL DISTRIBUTION OF PLUTONIUM AND AMERICIUM IN SOILS 
EAST OF ROCKY FIATS PIANT 

1 4 1  Past Work 

Several studies investigated the magnitude of plutonium transport down the soil column The intensbe study 

site, which is located approximately 1 5 kilometers (km) east of the 903 Pad (Figure 1-l), was established in 

1979 in response to the recommendations outlined by Seed, et al (1971) SON Samples Were collected 

0 
final Phase RFI/RI Work Plan (Alluvial) 903 Pad Mound and Easi Trenches 
Rocky flats Plant Golden, Colorado 
eg&g\903pad\ou2-ph2\feb\anch 1 feb 

Revision 1 
28 Fobrurry 1991 

Attachment 10  Page 1-9 I 



between 1979 and 1983 to assess the vertical distribution of plutonium in Rocky Flats Plant sdls (Rockwell 
International, 1985) bmposlte samples were collected from 60- 2m2 plots located 1 m apart Samples were 

taken from 0 to 5 cm and 5 to 20 cm intervals The surface samples were cdlected using the Rocky flats 

Plant method, whereas the subsurface samples were collected using a soil auger The mean and the standard 

devlation of soil-plutonium concentrations in the surface and the subsurface horizons were 10 2 f 2 7 pCi/g 

and 1 1 i 0 4 pCi/g, respectrvely The vertical profile of the data distribution suggests that some plutonium 

has migrated down the soil cdumn Uttle and Whicker (1978) found that plutonium concentrations in sdls east 

of the 903 Pad increased with decreased partide-size Their studies indicate that the highest plutonium 

concentrations were associated with submicron sized soil partides for all depths (0 to 21 cm) Two-thirds of 

the total plutonium in the soils were found in the top 5 cm The relationships between plutonium 

concentratlons and soil particle size suggests a surface-attachment mechanh of plutonium to sdl partides 

However, the absence of a consistent trend of soil-plutonium with depth for the various partide sizes indicates 

that vertical plutonium transport is not simple transport of plutonium down the soil cdumn For example, Krey, 

et al (1978) found that 90 percent of total deposit of plutonium was held in the upper 10 cm of the soil They 
recommended a more detailed study of soil characteristics and additional measurements of plutonium 

concentrations with depth and time at the Rocky flats Plant 

0 

1 4 2 Proposed Work 

0 Twenty-three soil profiles will be excavated, described, and sampled in order to assess the vertical distribution 

of plutonium-239,240 and americium-241 in soils east of the Rocky flats Plant Ten soil profiles will be 
excavated in the immedlate vicinity of the 903 Pad, East Trenches, and seep SW-53, and an additional 12 soil 
profiles will be excavated according to soil types, direction, and distance from the 903 Pad The approximate 

location of soil profiles are depicted in Figure 1-8 The soil profiles will be dug in undisturbed or the least 

disturbed sites which are characterized by the natural short grass prairie, pasture, and valley side vegetation 

(Clark, et ai, 1980) The exact location of the soil profiles will be determined in the field using aerial 

photographs, soil and topographic maps, radiological surveys, and common sense Transport of sdl-plutonium 
in the soil environment Is highly affected by soil type, molsture content, texture, structure, and particle 

characteristics such as shape, density, and cohesiveness (Burley, 1990) Hence, all the major soil types east 
of the 903 Pad will be sampled (Table 1-2) Soil profiles will be excavated In all soil types east of the 903 Pad 

to assess the vertical distribution of soil-plutonium 

Sampling soil profiles for radionuclides characterization is difficult for the following several reasons 

0 Potential contamination of subsurface horizons during sampling from the highly contaminated 
surface horlzons 
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TABLE 1-2 

SOIL TYPES EAST OF THE @03 PAD 

F r i  Ly 

Denver Torrertic Arguistolls clay loam 5-9 slow 27 

Denver -Kutch Torrertic Arguistolls clay toam 5-9 Slow 29 

Denver-Kutch- Torrertic Arguistolls clay lovn 9-25 Slow 31 

Eng l wood Torrertic Arguistolls clay loam 2-5 Slow 42 

Flati rons Aridic Palnwtols sM&y loam 0-3 slow 45 

Midway 

Haverson Ustic Torriflwmts 1- 0-3 moderate 60 

Leyden- Aridic Arguistolls cobbly 15-50 slow 0 
Prim- clay lorn 
S t and1 ey 

M i duay Ustic Torriorthents clay lorn 9-30 Slow 98 

Neder land Aridic Arguistolls sandy loam 15-50 moderate 100 

N V n  Aridic Arguistolls clay loam 0-2 $low 102 

N U n  Aridic Arguistolls clay loam 2-5 Slow 1 03 

Standley-Nvn Aridic Arguistolls gravelly 0-5 slow 149 
clay loam 

Ui l t o w n  Aridic Arguistolls clay lorn 9-30 moderate 174 

S o i l  Type nnbar corresponds to s o i l  type exhibited in Figure 1-8 

Source U S Department of Agriculture, 1980 
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0 Collection of sufficient sample material for actinides concentrations and other sdl chemical 
parameters 

Selecting the best sampling design to study the chemical trends in the SOR Plofile with little or 
no cross contamination 

in light of these difficulties special attention will be given to surficial sdl sampling from the 22 sdl prdiles using 

a modified trench method (Harley, 1972) This method invokes digging a trench with a backhoe 01 shovel 

1 5 m long, 1 0 m wide and 1 0 m deep One wall of the trench will be dug as a Mock/stair case (15 cm height 
each) to minimize cross contamination The vegetation at the surface of the selected wall will be cropped 

closely to the surface and discarded The soil morphdogy will be described according to the standard 

operating procedures for logging alluvial and bedrock material (SOP 3 1, EG&G 1 WOb) The surficial soil will 

be sampled at intetvals of 3 cm starting at the deepest Mock/stair in a given pit Sutficial sdl samples will be 
cdlected using a stainless steel scoop and template (3 cm x 20 cm) which will be pressed into the wall of the 

Mock/stair case Three samples from each depth will be consolidated to provide a better representation of 
the site and to produce enough soil material for the various chemical analyses described below After a 

sample has been collected, the soil layers below it will be cleared of slough to prevent possible contamination 

from falling soil material from the upper layer A flag will be placed on the ground surface of a given pit and 

the depth below surface for each sample will be measured from the base of the flag Upon completion of the 

sampling activities each pit will be backfilled with the original SOU mixture removed during the excavation ' e  
A site-specific Health and Safety Plan will be developed for the Phase II RFi/RI field activities The plan will 

specify staMlization procedures during excavation and surfkial s d  sampling events to prevent resuspension 

of particulates Tarps will be used to cover SOU piles and water will be applied to access roads and excavation 

sltes to contrd dust Excavation activities will not proceed when sustained wind velocities exceed 15 mles 

per hour (mph) 

1 5 PHYSICOCHEMICAL ASSOCIATION OF PLUTONIUM IN ROCKY FIATS PLANT SOILS 

1 5 1 Static Sol1 Phase - Past Work 

Sorption of plutonium (Iv) onto mineral surfaces, complexation with naturally occurring organic substances, 

and carbonate species are the dominant processes in plutonium cycling in the soil environment (Poker, 1971, 

Bondietti, et al , 1976) Plutonium in oxidation state (Iv) is very insoluble in water in the absence of complexlng 

agents (Bondietti and Tamura, 1980) Onishi, et al (1981) reviewed radionuclide adsorption/desorption 
mechanisms in soils and concluded that strong adsorption of plutonium occurs over the pH range of four to 

eight and is easily complexed wrth humic acids, oxalate, and acetate ions Bondietti, et a1 (1976) removed 0 
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82 percent of the soil-plutonium by repeated bleaching experiment wtth NaOCi at pH 9 5, which minimized 

inorganic mineral destruction (Lavkulch and Wiens, 1970), and thus would not extract occluded plutonium in 

sesquioxldes This removal suggests that a large portion of soil-plutonium is assoclated with organic carbon 
(C), and that plutonium is associated with the soil via surface-sorbed mechanisms The release of organic 

chelates agents is strongly dependent on pH and decalcification processes within the soil (Bondietti and 

Tamura, 1980) 

Phase I RI found occasional elevated concentrations of plutonium (> 005 K i l l )  in seep waters (SW-50, 

SW-53, and SW-54) (Rockwell International, 1987a) Although the total concentration of plutonium in the soil 
matruc is important information in appraising the potential hazard, total concentrations do not provide sufficient 

data to assess potentlal transport and availablllty of plutonium in the soil emrironment Hence, in order to 

better understand the mechanisms of transport of plutonium in sdls and seep waters, a sequential extraction 

of soil from We soil profiles above seep SW-53 (locations X1 to x5 in Figure 1-8) will be conducted Soil 

samples will be collected at 3 to 5 cm intends The procedure for sampling the soil profiles is descrlbed 

above This study, in conjunction wtth the soil interstitial waters investigation (Mobile So# Phase, see below), 
will provide the necessary information to appraise the nature of plutonium transport in the soHs of Rocky Flats 

1 5 2 Static Soil Phase - Sequential Extraction Experiments 

Use of total plutonium concentrations as a criterion to assess the potential effects of soil contamination implies 

that all forms of plutonium have an equal impact on the environment It is dear that such an assumption is 

untenable Kochen, et al , (unpublished) assumed that plutonium has been adsorbed to clay, organic matter, 

and/or sesqueoxides (e g , F%O,-PuOJ However, no direct measurement was conducted to quantify the type 
and degree of plutonium adsorption to the various mineralogical phases Conceptually, the soil can be 

pattdioned into specific fractions which can be extracted selectively by using appropriate extractants (Tessler, 

et at, 1979) Sequential muitiple dissdution techniques which selectively extract soil material with resulting 

release of its associate metals have been extensively used in soil science and geochemical exploration (Chao, 

1984) The purpose of the selective sequential extractkm in the proposed study is to elucidate the mode of 
occurrence and possible transport of plutonium and americium in soils It should be noted, however, that the 

partnioning of plutonium and amencium obtained by this procedure is operationally defined, as it is influenced 

by experimental factors such as the choice of reagents, the time of extraction, and the ratio of extractant to 

soil (Tessier, et al, 1979) In addition, inherent analytical problems such as incomplete selectMty and 

readsorption may seriously affect the extracted metal concentrations For example, Rendell, et al (1980) found 

that added cadmium (Cd), lead (Pb) and copper (Cu) were readsorbed by uncontaminated river sediments 

during over-night extraction with selected extractant solutions Gruebel, et al (1988) showed that arsenic (As), 
and selenium (Se), associated with freshly precipitated amorphous iron oxMes, were readsorbed onto other 

minerals unaffected by the reductwe extractant Kheboin and Bauer (1987) doped trace metals into humic acid 

@ 

@ 
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(Cu), iron sulftdes, zinc (zn), calcite (Pb), and iron hydroxides (Cu, nickel (Ni)] but fawed to recover these 
metals in the appropriate fraction using the selective procedure outlined by Tessier, et al (1979) These 

findings imply that selective extraction may not be suitable for distinguishing the phase-assoClatiOn of metals 

in soils Belztle, et el (1989) have challenged the above results and asserted that postextraction readsorption 

of metals occurred due to improper experimental conditions of the sequential extraction and mineral pheses 

They quite convincingly showed that trace elements spikes (c  100 percent of the amount present in the control 

samples) were recovered within the limits given by the experimental errors f 10 percent 

1 5 3 Static Sol Phase - Proposed Work 

Plutonium determination will be petformed on four sequential, selective extracts in triplicates to 888888 the 

physicochemical assoclation of plutonium with calcium carbonate (CaCOJ, organic carbon, sesquioxides, and 

residue (Figure 1-9) in this study, we shall utilize the gamma emitting isotope, plutonium-237, as a tracer to 

assess the degree of postextraction readsorption of plutonium during the various extractions performed on the 

soils In addition, the sequence of extractions shown in Figure 1-9 will be modified to test the uniqueness of 
an indlviduai extraction 

1 5 3 1 Tracer Study 

Spikes of plutonium-237 will be added to sou samples (triplicates) before each extraction step (Figure 1-9) 

The distribution of plutonium-237 in the various soil phases and solution and the possible readsorption of the 

tracer will be carefully determined Plutonium-237 tracer is ideal for this work since its 60 KeV y emission can 

be efficiently measured externally using a GeU detector and a multichannel analyzer (nondestructive 

technique) This tracer has a physical half-life of sufficient length (SS days) to permlt easy measurements over 
the course of the expenment, yet short enough to decay reasonably rawly The basic assumption underlying 

the validrty of the plutonium-237 tracer experiments is that the behavior of plutonium-237 is identical to 

plutonium-239, 240 present in soil Theoretically, the difference in mass between isotopes can cause a shift 
in the reaction rate or equilibrla (the isotope effect) Because the degree of chemical bond stablky is directly 

related to the square root of the mass of the isotopes involved, it is apparent that the isotope effect will not 
be of signrficance for high atomic weight elements like plutonium The plutonium-237 tracer will be added in 
a chemical and physical state similar to that of plutonium-237 to ensure complete isotopic exchange between 

isotopes in the expenmental system Simdar data can be obtained for americium-241 since it is also a gamma 

emmer 

In case of senous postextraction readsorption (> 15 percent) the selectwe sequenthl extraction will not be 

performed In case the selective sequential extraction procedure is rejected, samples collected from pits X1 

to X5 will only be analyzed for total plutonium 
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1 5 3 2 Partitionina of Soil Phasm 

' @ Fraction 1 Carbonates, In the soil environment carbonates are susceptible to changes In pH which will 

induce the release of adsorbed plutonium Carbonates will be removed by 0 5 molar (M) sodium acetate-acetic 
acid buffer solution (NaC,H,O,H,O), adjusted to pH 5 This buffer treatment removes metals held In 

carbonates (coprecipitate wtth carbonates and/or adsorbed by iron and manganese (Mn) oxkles which have 

precipitated onto the carbonates) (Jenne, 1977) This buffer apparently does not attack the resistant 

sesquioxlde phases to any great extent and leaves the lattice structure of silicate minerals intact (Chao, 1984) 

Fraction 2 Oraanic In natural conditions organic carbon is gradually decomposed which may lead to 

release of sduble and cdloidal plutonium The organic carbon wHI be extracted by NaOCl at pH 9 5 LaWch 

and Wiens (1970) removed up to 98 percent of the oxidkable organic carbon from 16 sol samples by three 

successive extractions with sodium hypochlorite The sodium hypochlorite treatment is the preferable solution 

for extracting plutonium from soil organic matter because it does not appear to dissolve sesquioxide phases 

It should be noted, however, that sodium hypochlorite will attack sulfides that may be present in the sample 

Fraction3 Sewu ioxides Sesquioxides are excellent scavengers of trace metals and are extremely unstable 

under anoxic conditions There are various techniques to extract iron (Fe), manganese, and aluminum (AI) 
oxides in soils These methods were developed to selecthrely dissolve the various mineralogical forms and 

degree of fineness of the sequioxides present in sols In the context of the proposed study, the citrate- 

bicarbonatedithionite buffer method (Jackson, et ai , 1986) Is superior to other methods because dissolves 

amorphous sesquioxides completely whereas the highly crystalline sesquioxkles (e g , hematite and goethite) 

will be partially dissolved The degree of dissdution of the highly ctystalline sesquioxides Is dependent on the 

crystallinity and the degree of grinding of the oxides Hence, in order to obtain complete dissolution of 
crystalline sesquioxdes, the soil samples will be finely ground and three multiple extractms will be performed 

@ 

Fraction 4 Residue After removal of the above chemical phases from the SOU sample, the residue consists 
of silicates and some other resistant mineral species such as ilmenite and magnetite The residue will be 

dissolved by strong digestion with hydrofluoric acM in conjunction with perchloric acid 

1 5 3 3 JxDwimental Conditione 

(a) Bound to Carbonates The soils will be extracted for 5 hours with 20 milliliters (mf) of 1M 
sodium acetate-acldic acid solution adjusted to pH 5 0 DetaUed description of this extraction 
is gwen by Nelson (1 982) 

(b) Bound to Organic The resldue from (a) will be extracted for 5 hours with 20 mf of 1M sodium 
hypochlorne solution adjusted to pH 9 5  Detaled descnption of this extraction is given by 
Hoffman and Fletcher (1981) 
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(c) Bound to sesquioxides The residue from (b) will be extracted for 6 hours with 100 m l  d 0 3M 
sodium citrate mixed with 1M sodium carbonate solution and appropriate amounts of sodium 
dithlnite and sodium chlorkle salts This extract will be repeated three times to assure almost 
complete dissolution of highly crystalline iron oxides Detailed description of the extraction is 
given by Jackson, et al (1986) 

Residual The resldue from (c) will be digested by a 5 1 mixture of hydroftuoric (HF) and 
perchloric (HCIO,) acids For a lgram (g) (dry weight) sample, the SOU will be first digested 
in a platinum crucible with a solution of concentrated HUO, (2ml) and HF (10mf) to near 
dryness Subsequently, a second addition of HCIO, ( lml) and HF (lOmt) will be made, and 
again the mMure will be brought to near dryness Finally, HCIO, ( lml)  will be added and the 
sample will be evaporated until the appearance of white fumes Further detals of this extraction 
is given by Um and Jackson (1982) 

\ 

(d) 

After each extraction the sample will be centrifuged at 10,OOO revdutions per dnute (rpm) for 30 minutes 
The supernatant wll be removed with a pipet and prepared for plutonium and americium analysis The residue 
will be washed with 10 mL of deionized water to remove residual salt from the previOus extraction The vdume 

of the rinse water will be kept at a minimum to avoid excessive solubilization of organic matter 

In addition to plutonium and americium determination, the following laboratory analyses will be conducted on 

all samples from the 23 soil profiles (1) total organic carbon, (2) pH, (3) calcium carbonate content, and (4) 

specific conductance The specific conductance will be used to estimate the ionic strength d the sdl slurry 

(Lindsay, 1979) All samples from the 23 profHes wUI also be subjected to the carbonate and organic carbon 
extraction experiments described above ResMual extractions will be performed to determine the percentages 

of primary and secondary minerals The samples cdlected from pits X1 through X5 (Figure 1-8) WOI also be 

subjected to the sesquioxide and residual extraction experiments Partide size analyses and bulk density 

testing will also be performed on samples from selected profiles SpeciFically, a sample from a profile 

representatwe of each soil type (Table 2-2 and Figure 2 6  of the alluvial work plan) will be submitted for these 

geotechnical tests 

1 @ 

1 5 4 Mobile Soil Phase - Pmt Work 

Reports of plutonium and americium movement in ground water over distances beyond several meters are rare 
Hakonson, et al (1981) reviewed the transport of plutonium in terrestrial systems and asserted that vertical 

leaching of soluble plutonium through the sdl is a potentially important phenomenon Onishi, et al (1981) 
concluded that adsorbed plutonium can be readily moved through the aqueous environment In colloidal form 

Recently, Penrose, et a1 (1990) found that plutonium and americium were transported in ground water for at 

least 3390 meters downgradient from the point of discharge where plutonium and americium were tightly or 

irreversibly bound to cdlotdal material [25 to 450 nanometers (nm)] hey, et al (1978) attributed the 

successful application of the diffusion term in their soil-plutonium transport model, at several dhrerse sites east 
of the 903 Pad, to transportabilv of plutonium in soil interstitial waters and not to SOU characteristics @ 
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Little research has been conducted on the transport of actinides wtthln the soils and to seeps and streams at 

the Rocky Flats Plant Moreover, there are no studies on the physicochemical characteristics of interstitial 

waters in soils and sediments from Individual Hazardous Substance Sites (IHSSs) on plant-site The excavation 

of 22 soil profiles will allow for the instailation o f  automated soil solution samplers in order to measure and 

characterize the movement of water and radionuclides down the SOU column More specifically, SOU solution 

samplers will be Installed In the soils above seeps SW-50, SW-53, and SW-54 to study the movement d both 

water and radionuclides (colloidal and dissolved) down the soil column and to the seep dawnslope 

1 5 5 Mobile Soil Phase - Proposed Work 

Environmental fate of actinides in soils are usually studied by extracting the sdl matter In general, these 

analyses fail to provide important information regarding the transport mechanisms of pollutants wtthin the sol 

column Hydrological analysis of the frequency, duration and intenslty of summer precipltation events and 

spring snowmelt events, coupled with direct measurements of solute transport in soils, will provide essential 

information to assess the form and magnitude of actinide movement in soil 

The proposed research design is based on the following three hypotheses 

0 Leaching episodes in the soils will transport solute and collddally-bound actinides down the sol 
column 

0 Freely flowing waters in the sol environment will carry different actinide concentrations than soil 
sdutions collected at higher matrix potentials 

The occasional elevated concentrations of  plutonium in seep SW-53 were originated by vertical 
leaching of plutonium from the soil environment upslope 

Testing these hypotheses will require insitu sampling of soil interstitial waters over time More specifically, it 

will be necessary to develop a fuliy-automated, remotecontrolled soli solution sampling system that is capable 

of (a) collecting freely flowing water (0-5 klloPascals (kPa) matrix potential] mainly Via macropores, (b) 

collecting soil solutions flowing in micropores at higher matrix potential (540 kPa), and (c) provide accurate 

and timely measurements of incoming precipitation This apparatus will consist of five major modules an 

automated zero-tension sampler, in which freely flowing water mainly in macropores (formed by frost heave 

cycles and swelling and shrinking of clays), will be accurately collected for assessing the subsurface flow 

during and after major precipitation events, a fluxmeter which will provide the unsaturated flux as the soil dries 

out as well as soil sdutions for radiochemistry analyses, tipping bucket rain gauge, time domain reflectometry 

(TDR) soli moisture probes which will measure insttu soli water content, and telemetry communication whlch 

will send the data cdlected in the field to a base station at T130B (Figure 1-10) 
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The objectives of the proposed work are to 

0 Estimate the importance of vertical flow in the soil environment updope from seep SW-53 
dunng and after major precipitation events 

Assess the relationships between soil-plutonium in the interstitial waters and plutonium In the 
seep sw-53 

The water flow data obtained insltu will be used to test the infiltration rates and flaw estimates for the 

unsaturated flow model, being developed by Colorado State University (CSU) (mid-l991), for the area east of 
the 903 Pad The chemical chamctwkation study will include (1) total cmentratkm d plutonium and 

americium in soil interstitial waters that move freely (0-5 kPa) down the soii column, and (2) f r a c t ~ t h  04 

actinMes in colloidal and dissolved (c 0 1 micrometer m]) phases in freely flowing waters (0 - 5 kPa) and 

various matrix potentials (5 - 10,lO - 30,30 - 50 kPa) 

1 5 5 1 Soil Solution SamD lW@ 

The chemical characterization wUI be performed using the soil solution sampler equipment described in the 
fdlowing sections These samplers will indude zero-tension samplers and fluxmeters 

0 zero- tension sa- 

The zero-tension sampler will be made of 40-cm segments of plexiglass (25 cm width) wlth One end plugged 

with a plexiglass stopper containing a collecting tube and the other end sharpened The sharpened end will 

be driven into the western pit face of pits X1 through X5 (Figure 1-8) with a mallet to ensure minimal structure 

and textural disturbance to the soil The water sampled by the zero-tension sampler wlll be collected by a 2- 

liter( P) bottle mounted on a load cell The temperature of the sdl Interstitial waters and the sdl matrix will be 

measured by a temperature probe The temperature and amount of water In the collection bottle will be 
simultaneoudy transmked to a data logger The transmitted information will be transferred daly to the base 

station VI telemetry Sending the data via telemetry to the base station (traller T130B) will provide crucial 
information regarding the time and frequency of field sampling 

The soil pits will be refilled after access tubes are inserted to prevent convergence flow and to minimize further 

disturbance The zero-tension soil sdution samplers will be installed upslope of seep SW-53 every 10 to 15 

cm down the soil column to the depth of the caliche horizon or other semi-impermeable layer in the five soil 

Pits 
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The fluxmeter consists of three components a Teflon cylinder Soil water sampler which is treated with silica 

to reduce hydrophobicity, three TOR soil moisture probes, and a portabie vacuum pump with a buffer 

container Each Tellon sampler will be installed with three TDR sdl moisture probes around it and connected, 

vm Teflon tubing, to a 2-1 collecting bottle equipped with a special screw cap of polyethylene with teflon gasket 

and fittings The 2-L collecting bottles will be residing inside a thembox which wiil minimize temperature 

fluctuations in the field Two types of Teflon cylinder sail water samplers will be used a Won cylinder with 

an average pore size of 10 pm for sampling large water volumes during short flow epkdezr, and a tefion 

cylinder with an average pore size of 5 pm for normal operational condltlons Ten Tdon cyllnder soll water 

samplers will be installed at five different depths in each pit (Xl through X5, Figure 1-8) excavated for the zere 
tension sampler The Tefion cylinder so8 water samplers wiil be installed into the face of the sdl pit using a 

stainless-steel rad The soil moisture probes will be connected via co8x/BJ cable to a Tektronk cable tester, 

equipped with a communication interface, to a data logger (Figure 1-11) Once the moisture of the soil 

exceeds a pre-set value the vacuum pump will be activated to produce an equivalent vacuum insMe the tension 

sampler The equivalent vacuum will be derived from the linear relationships between Sow moisture and matrix 

potential values in the range of 0 1 to 50 kPa 

The soil interstitial waters collected by the zero-tension samplers and the tension samplers will be futered on 
the day of sampling using 0 45- and 0 1-pm Millipore filters The totd collokial bound plutonium will be 

determined from the material that was retained on the filters The dissolved plutonium will be determined from 
the water that passed through the fllter 

e 

1 5 6 2 Precioltation Events Simubt ion 

The frequency, duration and intensity of summer precipitation will be determined by a tipping bucket raln 

gauge This rain gauge is an Integral part of the proposed apparatus and MI be mounted in the mlddle of the 
transect The rain gauge will simultaneously transfer the data to the data logger which will transmit this 

information VI telemetry to the base station in Ti308 The amount and nature of precipitation and SOR water 

flux will be recorded and checked daily The frequency of field sampling will be determined on the basis of 
the transmitted data This data will be used to prepare a precipitation model for hydrologic simulation and 

analysis 

The amount of water that can be collected by this apparatus in Rocky Flats Plant soils is currently unknown 
One to two liters of interstitial waters were collected every week during snowmelt and after eveq major 0 
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precipitation event in forested and alpine ecosystems using a slmpllf&d version d the ptoposed apparatus 

(Lbor, 1988) Hence, two rain simulation experiments will be conducted before the beginnkg of the -re 

are interfacing and communicating wlth each other and the bese station Calibration d the load cells and the 
TDR soil moisture probes will be performed during the Rrst rain slmtdath experiment The magnitude and 

duration of the second simulated rain will be determined by reviewkyl preciphtlon data cdlected at Rocky 
flats Plant in the last flve years to detmine the magnitude and dwation d stonn events Sol rdutlon 

collected during the second simulation experiment will be submitted for radbnudider uy)y188 

The importance of hydrologic model simulation d rain and snow pmdpWon in the pmpoad work can be 
summarized as follows (1) rain simulation yields more rapid resutts, espedally In the tO8thg d the extrem 

conditions (e g , rainfall in arid and 88mcBcld conditions), and (2) rain dmuletion is mom contrdled inasmuch 
as one can take appropriate measurements with selected krtenslties and durations The rain simulator 

described by Ghodrati, et al (1990) wlll be used In the proposed work This rain simulator can employ y#tlally 

uniform application of water to small plots (1-2 m') The simulated rainwater wyi have the same ionic strength 

as the average rainwater obsewed at Rocky Flats Plant 
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ATTACHMENT 2 0 

ENVIRONMENTAL EVALUATION FIELD SAMPLING PLAN 

2 1  INTRODUC TlON 

The Field Sampling Plan (FSP) for the Operable Unit Number 2 (OU No 2) Environmental Evaluation 

(EE) describes the program for sampling of biota within and near the operable unit In order to assess 

the ecological consequences of releases of contaminants The EE FSP will be thoroughly integrated 

with the RCRA Facility Investigation/Remedial Investigation (RFI/RI) field sampling program at OU No 

2 and ongoing sampling by the Rocky Flats Environmental Monitoring and Assessment Division (EMAD) 

It is these programs that provide data on contaminant concentrations and extent of contaminant 

migration in surface water, ground water, sediments, soils, and air 

The OU No 2 field sampling procedures have been developed following protocols recommended by the 

EPA (1987, 1988, 1989a, 1989b), the U S Fish and Wildlife Service (1981a, 198lb), and those currently 

being used at the Rocky Flats Plant The FSP will follow the Quality Assurance Program Plan (QAPJP) 

and Data Quality Objectives (DQOs) developed for the RFI/RI program as well as the standard operating 

procedures used by the EMAD for current field monitoring operations (Rockwell International, 1989, 

EG&G, 1990a and 1991 d) sampling procedures will also conform to existing and new health and safety 

plans, sample and waste management protocols, and EE-specific data quality objectives (EG&G, 1990a, 

EPA, 1987) 

@ 

The field sampling program will consist of a qualitative field survey conducted in the Spring, followed 

by two quantitative field sampling events in late Spring - early Summer and in late Summer - early Fall 

Although the initial field survey will be primarily qualitative, limited quantitative samples and water/soil 

quality measurements will be taken (Section 2 3) Likewise, during the two quantitative sampling efforts, 

the sampling teams will record qualitative observations of flora and fauna to assist in interpretation of 

the field data collected during the program The initial qualitative survey will be scheduled to coincide 

with the start of the growing season of prairie vegetation 

As recommended in the U S Environmental Protection Agency (EPA) Environmental Evaluatlon Manual 

(EPA, 1989a), the ecological field sampling at OU No 2 will be carefully integrated with the RFI/RI 

sampling for OU No 2 in order to coordinate the water, sediment, soil, and air sampling efforts with the 

ecological sampling (see Section 5 0 of this RFI/RI Work Plan) It will be especially important to 

schedule the surface water and sediment sampling to coincide with the periphyton and benthic 
macroinvertebrate sampling Where possible, vegetation, root, and microbe sampling will be located 0 
Final Phase II RFI/RI Work Pian (Alluvial) 903 Pad, Mound, and East Trenches Areas 28 February 1991 
Rocky Flats Plant Golden Colorado Revision 1 Attachment 2 0 Page 2-1 
eg&g\903ped\ou2 ph2\feb\attach-2 feb 



in the same areas and scheduled to coincide with soil sampling In addition to planning sampling events 

during the same time frame, the ecological evaluation staff will review RFI/RI sampling procedures and 

analytical protocols for water, sediment, soil, and air samples so that the data necessary to develop and 

model exposure pathways will be available from the RFI/RI program 

e 
The ecological field sampling at OU No 2 will be integrated with the ecological field sampling at OU No 
1 so that the data produced at these two adjacent operable units are compatible It Is assumed that 

periphyton, benthic macroinvertebrate, and fish data from three or more stations sampled as part of the 

OU No 1 field effort will be made available to the OU No 2 field program If appropriate, the OU No 
1 and OU No 2 comparative ecology studies may use the same reference areas Also, the OU No 2 
field sampling team will work closely with EG&G to integrate this sampling plan and the ecological 

assessment effort with appropriate physical, chemical, or ecological sampling conducted by the EMAD 

The Spring qualitative field survey will be a reconnaissance assessment involving systematic 

documentation of specific visual observations and collection of qualitative and quantitative field samples 

that can be processed in the field Since this survey involves limited data generation and analysis of 

samples and water/soil quality data in the field, its effectiveness depends to a large extent on the 

experience of the professional biologists performing the survey These biologists must have Impact 

1 @ 
assessment experience as well as experience in field ecology surveys in the types of habitats present 

atOUNo 2 

2 2 SAMPLING OBJECTIVES 

The RFI/RI sampling program will provide data on the concentrations of contaminants in environmental 

media (I e ,  water, air, soil, sediments), the plume characteristics, the source characterization, and the 

extent of contaminant migration within and near OU No 2 This source characterization will allow the 

EE project team to compare contaminant concentrations at exposure points to Applicable or Relevant 

and Appropriate Requirements (ARARs) and other environmental criteria, and assess the ecoiogical 

significance of the contaminants Contaminant concentrations will also be compared to the toxicological 

literature to determine if on-site concentrations could potentially be toxic to the aquatic and terrestrlai 

species present at OU No 2, if applicable data is available on the contaminants of concern 
Contaminant concentratton data will also be used to develop quantitatlve dose-response assessments 

of toxicity, providing that adequate information is available on exposure in order to compare actual 

intake rates with acceptable intake rates 
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The ecological field sampling program has two overall objectives 

1 Characterize biological resources in order to conduct the ecological impact assessment 
by supplementing the RFI/RI database 

2 Acquire the data necessary to measure ecological effects of contaminants that cannot 
be assessed by the dose-response and comparison-to-criteria approaches 

In general, the ecological field sampling program will provide data necessary to compare aquatic and 

terrestrial populations or communities at impacted and reference areas, measure toxicity directly, or 

measure the accumulation of contaminants in plant and animal tissue As stated in the introduction, the 

field sampling program is divided into two components qualitative surveys fdlowed by quantitative field 

sampling The objectives of the qualitative surveys are as follows 

0 Acquire additional site-specific data on plants, animals, and habitat types at OU No 2 
to assist in identifying potential exposure pathways 

0 Acquire data needed to characterize the major ecosystem components In and adjacent 
toOUNo 2 

0 Determlne the presence, absence, and distribution of plant and animal receptors within 
and near OU No 2 

0 Identify threatened or endangered species, critical habitats, and sensitive species that 
are of concern at the Rocky Flats Plant and OU No 2 

0 Acquire information needed to "fine-tune' the quantitative sampling plans presented in 
this FSP 

a Select reference (unimpacted) stations for terrestrial and aquatic sampling purposes 

0 Observe and document obvious indications of contamination and, if possible, impacts 
on biota or habitats 

0 Fill gaps identified during review of existing data 

The objectives of the quantitative ecological field sampling program are as follows 

0 Acquire additional information needed to assess seasonal changes In habitat types and 
document the presence and distribution of biological species 

0 Measure ecosystems for composition, productivity, standing crop or biomass 

0 Collect quantitative data to estimate intake rates, exposure times, and food chain 
relationships 

0 Measure indicators of toxicity (ecological endpoints) and assess the differences between 
endpoints in populations and communities in impacted and reference areas 
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0 Measure toxicity directly by standard EPA biomonitoring methods 

0 Measure accumulation of selected inorganics and radionuclides in plant and animal 
tissue 

0 Fill data gaps identified during the literature review and the qualitative field surveys 

2 3 QUALITATIVE FIELD SURVEYS 

The purpose of the qualitative field survey is to develop a thorough familiarization with site 

characteristics in order to guide the quantitative field surveys All features of OU No 2 will be covered 

in the reconnaissance field surveys, including topography, drainages, soils, aquatic habitats, vegetation, 

animals, wetlands, and other biota and habitats 

This FSP was based in part on information produced by the Phase I RI and, more specifically, on a 

recent site visit to OU No 2 During this site visit, a portion of the source area (Mound and East 

Trenches Areas) was traversed on foot so that observations could be made on general conditions 

Windshield and walking surveys were made in the drainages of South Walnut Creek and Woman Creek, 

and on the flat grassland and slopes to the east of the source areas The relationship of the source 

areas to surface water springs and seeps, and associated wetlands, along with ponds and streams 

below or adjacent to the source areas, was noted 

The initial qualitative field survey will be conducted in the Spring of 1991, coinciding with the start of 

the growing season of grassland vegetation The survey will be designed to meet the objectives stated 

in Section 2 2 The survey will be designed to describe the aquatic and terrestrial ecosystems at and 

in the vicinity of OU No 2, identify the biota and habitats present, further define the conceptual model 

of contaminant transport by biotic and abiotic mechanisms, and select reference areas for comparative 

ecological studies The initial survey will also be used to confirm the sampling locations, frequencies, 

and protocol for the quantitative sampling effort to be conducted later in the Spring and Summer 

The initial qualitative survey will include locating and evaluating all sampling sites selected for 

quantitative sampling, including several potential reference areas The survey will include documenting 

visual observations, collecting some vegetation, benthic macroinvertebrate, and fish samples, and 

testing aquatic and terrestrial habitats with field instruments to detect indications of contamination (e g , 
the presence of volatile organics in soil or seep areas, or specific conductivity and pH changes in 

aquatic systems) All observations will be recorded in fieid logbooks Field instruments will be checked 

and calibrated daily 
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The qualitative field surveys will be planned in advance to provide the following information 

Physical description of all sampling sites 

Documentation of similarities and differences between the reference areas and on-site 
sampling locations 

Identification and initial inventory of plant and animal species 

Results from field instrument readings 

Vegetation/habitat map and descriptions of principal habitats 

Description and location of critical or sensitive habitats, list of threatened or endangered 
species observed 

Description of the principal exposure pathways and conceptual model of principal food 
chain relationships 

Qualitative description of benthic macroinvertebrate and fish communities at stations 
along Woman Creek and South Walnut Creek 

Qualitative descriptions of wetland and prairie grassland communities, including 
identification of dominant and subdominant specles 

Descriptions and locations of obvious signs of impact on terrestrial vegetation or aquatic 
communities 

Relative abundance of key terrestrial and aquatic receptors 

Sections 2 3 1, 2 3 2, and 2 3 3 describe the qualitative field surveys of aquatic ecosystems, terrestrial 

ecosystems, and reference areas 

2 3 1 Aquatic Ecosystems 

The initial qualitative field survey of aquatic habitats will be along Woman Creek and South Walnut Creek 

as well as the South Interceptor Ditch from the apparent headwaters down to the surface water sampling 

stations below Pond C-2 and Pond 8-5 Pond C-2 and Pond 6-5 are the lowermost ponds at the Rocky 

Flats Plant within the Woman Creek and South Walnut Creek drainages, respectively Since there is 

usually no measurable flow downstream of these ponds, there are no plans to sample aquatic organisms 

along the lower reaches of South Walnut Creek and Woman Creek between these ponds and the 

downgradient limits of OU No 2 An ecologically similar section of Rock Creek, in the northern buffer 

zone, will be included in the walkover survey to identify potential reference areas for quantitative 

sampling (Section 2 4) and conduct a comparative assessment of Rock Creek and Woman Creek 0 
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Also, the qualitative field survey will include observations and qualitative sampling at all seep areas 

identified in the OU No 2 area during the Phase I RI The survey will result in descriptions of the 

physical and biological characteristics of sampling stations planned for the quantitative sampling 

program, potential reference areas, and ground water seeps within OU No 2 

' a 
The physical characteristics of stream sections (including the South Interceptor Ditch) and ponds will 

be documented in the field logbook and on field survey maps Descriptive parameters such as stream 

width and depth, pool/riffle ratios, water velocity, bottom substrate, bank vegetation, proportion of 
undercut banks, fish cover, and channel morphology will be recorded in situ measurements of water 

temperature, specific conductivity, pH, and dissolved oxygen will be taken with field instruments along 

the creeks and at seeps to document potential contaminant and/or ground water inflow Measurements 

will be taken above and below locations where surface water enters the creek, and above and below 

locations where there are indications of possible ground water inflow (e g , a change in turbidity) or 

environmental stress (e g , an increase in filamentous algae) 

The biological characteristics of stream sections, ponds, and seeps will be described using three 

techniques 

1 Qualitative observations of filamentous algae, slimes, aquatic macrophytes, and 
vertebrate and invertebrate animals 

2 Qualitative sampling of fish with short seines and dip nets 

3 Sampling of benthic macroinvertebrates utilizing the Rapid Bioassessment Protocols 
(RBP I) developed by EPA (1989a) for cost-effective assessments of lotic systems 

Fish collected by seines and dip nets will be identified, measured (total length), and released 

Abnormalities such as fin rot, lesions, and external parasites will be recorded 

The RBP i reconnaissance assessment technique for benthic macroinvertebrate communities will be 

used to discriminate obviously impacted and nonimpacted areas from potentially affected areas requiring 

further investigation The RBP i method focuses on qualitative sampling of benthos, supplemented by 

a preliminary examination of other aquatic biota such as periphyton, macrophytes, fish, and slimes At 

least half of the aquatic sampling stations selected for quantitative sampling will be assessed using the 

RBP I technique Standard fieid data sheets will be used to record the relative abundance of 

macroinvertebrate orders (Families for Megaloptera and Diptera) , occurrence of periphyton, algae, 

aquatic macrophytes (plants), abundance of fish by species, and water quality measurements e 
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The results of the qualitative field survey will be summarized in a Technical Memorandum The major 

components of this Technical Memorandum are listed in the Introduction (Section 2 3) The occurrence 

of potential contamination along Woman and South Walnut Creeks and the South Interceptor Ditch will 

be defined based on results of field water qualrty measurements, observations of obvious contaminant 

impacts such as stressed vegetation or absence of aquatic organisms, and biological indicators Some 

examples of biological indicators include changes in species diversity, absence of pollution-sensitive 

taxa or dominance of pollution-tolerant taxa, abundance of filamentous algae, or large dlfferences in 

reference and impacted areas The Technical Memorandum wlll also include recommendations for 

revisions to the quantitative sampling program, if warranted, and the rationale for those changes The 

qualitative survey could result in the addition, deletion, or revision of some of the quantitative sampling 

locations described in Section 2 4 

@ 

2 3 2 Terrestrial Ecosystems 

The qualitative field surveys for the terrestrial ecosystems will follow a similar protocol and timing as for 

the aquatic ecosystems The entire area of OU No 2 will be walked to identify terrestrial communities 

and general ecosystem components Information developed during the field survey will be verified using 

information from other sampling programs on the biota in the area of OU No 2 Observations will be 

made on species present and voucher specimens will be collected Information will be collected on 

general distribution of plant and animal species, boundaries of plant community types and habitats, 

relationships to soil types, and the physical and biological condition of the vegetation and habitats 

Wetlands around springs and seeps and along drainages will be located and delineated for later 

quantitative sampling All observations will be recorded in field logbooks and voucher specimens wlll 
be given a unique identification 

@ 

The physical limits of the proposed sampling locations will be determined A reconnaissance will be 

conducted of the vegetation, small and large mammals, predators, birds, and signs of animals (tracks, 

scat, skeletons, burrows, etc) At sampling locations close to the source areas, obvious signs of 

impacts or effects of contaminants will be recorded Observations on recent biological activities that 

may impede or increase the movement of soil- or water-borne contaminants will be noted In particular, 

a visual survey will be made for ants and fossorial animals such as gopher which bring large amounts 

of subsurface soil to the surface where it is distributed by wind Observations will also be made for 

badgers and foxes which excavate dens or dig in search of prey The areas close to the source areas 

will then be systematically surveyed for amounts and kinds of soil and subsoil disturbances by animal 

activity, and an intensive study of these activities will be performed if warranted 
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The selection of species or ecosystem components to be collected for quantitative sampling or tissue 

collection will be verified Based on information from the Phase I RI, the wetland plant communities 

developed around springs and seeps downgradient of the source areas may be sensitive indicators of 

contaminant migration via the ground water pathway Wetland plant communities are known to filter 

and accumulate contaminants such as heavy metals These wetland areas will be examined for 

evidence of contaminant accumulations A second component that may accumulate contaminants are 

roots of grassland species and microbes growing in contaminated soils, either through root uptake or 

adherence of particles A preliminary assessment of rooting depths and densities will be conducted at 

selected locations by shallow handdug trenches and gridding of root depths on exposed soil faces 

Qualitative surveys for mammals, birds, and reptiles will be conducted by systematically walking the area 

on preselected routes at appropriate times Bird surveys will be conducted at dawn and dusk Records 

will be kept of species and other features observed such as numbers, condition, habitat, and acthrlties 

Other evidence of animals or birds including burrows, scat, and nests will be recorded Checklists will 

be prepared for the qualitative surveys of animal and plant species to record survey information 

The results of the qualitative field surveys for terrestrial ecosystems will be included in the Technical 

Memorandum discussed in Section 2 3 1 The specific conditions of the grassland and wetland 

ecosystems will be discussed as they relate to exposure pathways Obvious indicators of stress related 

to contamination including pathological conditions such as necrosis, chlorosis, and stunting of 

vegetation will be described Other indicators are the diversity and abundance of species in impacted 

areas Revisions in the quantitative sampling plan may result from the qualitative survey 

2 3 3 Reference Areas 

The use of reference areas is a potential method of comparing impacted and nonimpacted areas as 

discussed in Section 6 2 2 4 of the Alluvial Work Plan Reference areas for appropriate aquatic and 

terrestrial ecosystems will be selected during the qualitative survey These areas will generally be 

upwind of and upgradient from OU No 2 to avoid contamination The number of reference areas 

chosen and their size will reflect the major vegetation and aquatic types determined in OU No 2 during 

the qualitative surveys As a practical matter, generally one reference area for each major ecosystem 

type will be chosen Reference areas will be chosen to separate the effects of contaminants from those 

of physical disturbance This will be accomplished by keeping the physical characteristics of the 

reference areas as similar as possible to those of the operable unit, and controlling access and sampling 

disturbance The reference and on-site areas will be similar in topography, soils, water chemistry and 

ecosystems present 
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2 4 QUANTITATIVE FIELD SURVEYS 

Quantitative sampling of aquatic and terrestrial ecosystems at OU No 2 will be conducted primarily to 

characterize the ecosystems and measure the ecological consequences of contaminants released from 

the source areas The quantitative sampling program will include characterizing the biota at selected 

sampling stations, conducting comparative ecological studies, measuring contaminant bioaccumulation, 

and measuring potential toxicity of creek and pond water at selected locations on Woman and South 

Walnut Creeks The quantitative sampling will supplement qualitative survey Information used for 

characterizing the ecosystems, identifying major plant and animal receptors, and developing exposure 

pathways Qualitative obsenrations will continue to be recorded when field bidoglsts are conducting 

quantitative sampling 

Field sampling operations for conducting comparative ecological studies, measuring bioaccumulation 

in selected species, and measuring potential toxicity of water are described in the following FSP 

sections and in Sections 6 2 2 4 and 6 3 3 of the Alluvial Work Plan The field procedures will be 

carefully integrated with similar ecological assessment field studies at OU No 1, with the National 

Pollutant Discharge Elimination System (NPDES) program at the Rocky Flats Plant which assesses water 

quality of plant discharges (including Ponds C-2 and B-5), and with routine monitoring and special 

sampling events conducted by the EMAD Selection of sampling locations will be coordinated with other 

RFI/RI sampling, specifically for surface water, sediment, and surficial soil sampling locations The 

planning and preparation for field sampling at OU No 2 will include development of sample and waste 

management protocols that are integrated with, and in conformance with, sample and baste 

management procedures and Quality Assurance/Quality Control (QA/QC) requirements for the 

Environmental Restoration (ER) Program 

0 
, 

2 4 1 Aquatic Ecosystems 

The FSP for aquatic communities will include sampling periphyton, benthic macrooinvertebrates, and fish 

at selected stations on Woman Creek, South Walnut Creek, and the South Interceptor Ditch (SID) 
Ground water seeps and one or more reference areas will also be sampled Reference areas will be 

selected for comparative ecological studies of creek stations However, because the ponds on Woman 

Creek and South Walnut Creek are operated to control any potential contaminant releases (and are not 

intended for wildlife or recreational use), the FSP will not establish reference areas for the pond habitat 

The stations selected for quantitative sampling are listed in Table 2-1 and shown on Figure 2-1 The 
locations may be modified following the qualitative field sunrey in the Spring of 1991 As indicated in 
Table 2-1, a few stations are designated for both the OU No 1 and OU No 2 field programs In these 

0 
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cases, the stations should be sampled by only one field crew, with the results of the field sampling being 

submitted to the project staffs for both operable units 

2 4 1 1 PerlDhVtOtI 

The periphyton communities at reference and test sites will be monitored using standardized artificial 

substrate (plexiglass) samplers suspended in the water column Samplers wlll be anchored at each 

station and exposed for the full colonization period Water quality data will be collected weekly during 

the exposure period, and the physical and biological characteristics of the sampling station wlll be 

documented At the end of the colonization period, the periphyton will be scaped off the plexlglass 

slides and analyzed for species or genera, species diversity, biomass, and chlorophyll content Field 

sampling procedures will conform to SOP 5 1, Ecology 5 0 (EG&G, 1991d) 

Location/Freauencv 

Periphyton samples will be collected at 12 locations on the South Interceptor Ditch, Woman Creek, and 

South Walnut Creek and at one or more reference areas (Table 2-1 and Figure 2-1) No samples will 

be collected on the ground water seep areas within OU No 2, or at the most downstream stations on 

Woman and South Walnut Creeks, because there is not enough water flow or depth for the samplers 

Instead qualitative samples will be taken from natural substrates at these locations @ 
Periphyton samplers will be set for two full colonization periods, essentially corresponding with high (late 

Spring-early Summer) and base (late Summer-early Fall) flow conditions Since there Is substantial 

interaction between the surface and ground water systems at the Rocky Flats Plant, the Influence of 
contaminant releases from the source areas may vary considerably under high and base flow conditlons 

Field Methods 

Two artificial substrate samplers holding six plexiglass slides will be placed at each sampling location 

at the beginning of the exposure period The sampler consists of an anchor and float assembly with 

the plexiglass slide holder suspended in the water column about 30 cm below the water surface Co- 
located samplers will be located at each station and placed in similar habitats wtthin a 30-meter stream 

section At two stations, the second sampler will be used for duplicate samples At the remaining 

stations the second sampler will be used if additional biomass is needed for bioaccumulation (tissue 

analysis) or if the primary sampler IS lost 
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Flow conditions and other physical and biological characteristics of the sampling station will be 

documented in the field log when the sampler is set and picked up Field instruments will be used to 

measure water quality parameters (temperature, pH, conductivity, and dissolved oxygen) at the 

beginning and end of the exposure period (14 days minimum) and at three-day intervals during the 

contamination Qualitative observations regarding the occurrence of periphyton, filamentous algae, fish 

and amphibians, and slimes on natural substrates will be recorded in the field log 

0 
I exposure period Other field measurements may be taken where visual evidence suggests 

Samole Preoaration/Analvsig 

Periphyton material will be collected from different slides for identification and enumeration, biomass 

determinations, and chlorophyll-a/phaeophytin-a concentrations The slides will be selected randomly 

For identification and enumeration, all periphyton will be scraped from both sides of a slide and 

transferred to a sample vial with distilled water The sample will be diluted, preserved, and allowed to 

settle in a sedimentation cylinder for approximately 12 hours The sample will then be resuspended in 

200-t,000 milliliters (rnl) of water, depending on the volume of the sample, and the organisms will be 
identified to the genus level and counted at about 320X magnification 

For biomass determinations, the periphyton growth from one or two slides will be scraped into a 
' 0  

preweighed crucible The sample will be dried at 105OC for 12 hours (or until a constant weight is 

obtained), weighed, and then ashed in a muffle furnace at 6OOOC for one hour and weighed again The 

difference between the two weights is the ash-free dry weight (organic weight) of the sample 

Periphyton from both sides of a slide will be scraped into a container and placed in a 90 percent 

acetone solution for chiorophyll/phaeophytin analyses The sample extract (about 20 to 50 mt)  will be 

homogenized, steeped for 12 hours, and centrifuged The optical density of the extract at 750 and 630 

nanometers (nm) will be determined by spectrophotometer, and the concentration of chlorophyll-a will 

be recorded The concentration of phaeophytin-a will be determined from optical density readings at 

633 nm before and after acidification 

For tissue analysis (bioaccumulation), six composite samples will be collected, placed in glass vials, and 

stored on ice The composite samples will be collected from the following locations 
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Sample 1 I SW-70 and SW-54 (SID) 

Sample 2 I SW-32A and SW-28 (Woman Creek) 

Sample 3 

Sample 4 

Sample 5 

Sample 6 SW-C (Reference Area) 

Ponds C-1 and C-2 (woman Creek) 

SW-23 and SW-24 (South Walnut Creek) 

Ponds 8-4 and B-5 (South Walnut Creek) 

Periphyton will be scraped from six to nine slides at each sample station and transferred to glass vials 

using distilled water Samples will be stored on ice in the field, then composited in the field laboratory 

Periphyton samples will be shipped fresh (on ice) to the analytical lab within 48 hours of collection or 

frozen and shipped at a later time 

Ecoloa ica I EndDointg 

Periphyton samples will be analyzed for cell counts, genera, species diversity, biomass, and 

chlorophyll-a and phaeophytin-a concentrations The standing crop (blomass) at the end of the 14 day 

minimum exposure period will be an estimate of colonization rate Chlorophyll/phaeophytin 

concentrations will provide an estimate of productivity Proportions of pollution-sensitive and pollutlon- 

tolerant genera will be reported 

EauiPment 

The field equipment needed for periphyton sampling includes the following 

0 Field data sheets for recording site descriptions, water quality data, flow conditions, etc , 
chain of custody forms 

0 Periphyton samplers (including slides) with anchors and floats 

0 Boots and waders 

0 Boat and oars, anchor and life preservers 
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Sample containers, labels, preservatives 

Water quality field instruments 

Cooler and ice 

Decontamination equipment 

Instrument calibration standards 

Spare slide racks with extra slides 

Distilled Water 

Containers for water and sediment samples 

0 Preservative (37% formalin) 

1 2 4 1 2 Benthic Macroinvertebrateg 

Benthic macroinvertebrates are the most common .duns used in ecoloc.al assessments of contaminant 

releases or pollution discharges They are defined as the aquatic invertebrates that are large enough 

to be seen without magnification and capable of being retained by a U S Standard No 30 sieve [(0 595 

millimeters (mm) openings] Benthic macroinvertebrates will be collected from all aquatic sampling 

stations In cases where the habitat does not allow quantitative sampling, qualitative samples will be 

collected with dip nets and by grab samples of substrate and coarse particulate organic matter (CPOM, 

e g , leaves, twigs, and plant debris) Field sampling procedures will conform to SOP 5 2, Ecology 5 0 

(EG&G, 1991d) 

0 

Location/Freauency 

Benthic macroinvertebrates samples will be collected at all 19 stations used for quantitative aquatic 

sampling (Table 2-1 and Figure 2-1) Macroinvertebrates will be sampled quantitatively in the late 

Spring-early Summer and late Summer-early Fall The intent is to sample under high flow and base flow 

conditions The creek and pond sample stations will be defined as a SO-meter segment of the creek or 

a 50-meter section of the pond shoreline In the ponds, samples will be taken at depths less than two 

meters deep, generally in the inlet or discharge areas of the pond 

Field Methods 

Two types of benthic samplers will be used to sample riffle/run areas of creeks and pool habitats at 

creeks, ponds, and seeps A Surber sampler with a 1 square-foot [0 09 square meters (m2)] frame and 0 
Final Phase II RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 28 February 1991 
Rocky Flats Plant, Golden, Colorado Revision 1 Attachment 2 0 Page 2 15 
eg&g\903pad\ou2 ph2\feb\attach 2 feb 



I 352 micrometer mesh net will be used to sample shallow creek stations (riffle/run areas) where the 

substrate is primarily sand/gravel and flow is sufficient to carry the macroinvertebrates into the net 

Triplicate samples will be taken within the 50-meter creek segment, working upstream Each replicate 

sample will be transferred directly into a plastic sample container and preserved In 10 percent formalin 

At pool habitats in creeks, and at the pond and seep stations, triplicate samples will be collected with 

an Ekman grap sampler A pole mount or remote messenger sampler will be used with the Ekman 

sampler at most or all sample stations, providing a more uniform depth sample A rope-suspended 

sampler triggered with a messenger will be used at stations that are too deep for the pole-mounted 

sampler Each triplicate sample will be transferred from the sampler to a field wash bucket with a No 

30 sieve mesh or smaller, washed thoroughly, and then placed into a sample container and preserved 

Large rocks or twigs can be discarded during the washing process after organisms are hand picked or 

washed into the bucket with a water spray 

Qualitative samples of CPOM will be collected at stations where there are substantial quantities of plant 

debris Several handfuls of leaves, twigs, and/or grass will be placed into the sample container and 

labeled as a qualitative CPOM sample The benthic organisms will be picked from this debris In the 

laboratory and the number of individuals in each Functional Feeder Group (EPA, 1989a) will be 

recorded Organisms in these samples may not be identified to genera because the principal objective 

IS to assess the proportion of scrapers, filterers, and shredders at the sample station @ 

Benthic macroinvertebrates will be collected at two downgradient stations on Woman Creek and South 

Walnut Creek for tissue analysis This will be done to determine if inorganic and radionuclide 

contaminants may be accumulating in the tissue of the dominant species Samples will be collected 

with dip nets, kick nets, and/or Surber and Ekman samplers Sampling will continue until a sufficient 

biomass of some of the dominant species are obtained for laboratory analysis The samples may be 

washed in the field, then placed in sample containers and kept on ice The organisms will be picked 

from the sample in the laboratory and kept at or near 4OC Samples will be shipped to the analytical 

laboratory within 48 hours of collection or frozen and shipped at a later time 

The flow conditions and other physical and biological characteristics of the sampling station will be 

documented in the field log Field instruments will be used to collect basic water quality data Water 

quality and sediment samples will also be collected Qualitative statements regarding the occurrence 

of periphyton, algae, amphibians, and fish will be recorded All samples will be numbered and labeled 

as they are collected 
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I SamDle PreDaration/Analvsig 

Benthic macroinvertebrate samples will be processed in the laboratory by rinsing the sample in fresh e 
water (U S Standard No 60-mesh screen) and transferring the sample to a shallow white tray Benthic 

organisms will be separated from the debris with forceps, using a table-mounted magnifier, and placed 

into sample vials of 10 percent formalin The samples wlii be analyzed by identifying the organisms to 

genus (with some exceptions such as chironomids) and counting the number of individuals In each 

taxon identification and enumeration will be made using dissecting microscopes 

Ecoloaical EndDoints 

Benthic macroinvertebrate samples from each station will be analyzed for genera present, species 

diversity, total number of organisms by taxa, and the proportion of pollution-tolerant or pollution- 

sensitive taxa The relative abundance of scaper, filter collector, and shredder Functional Groups will 

also be determined (EPA, 1989a) 

The data from quantitative samples will be used to determine macroinvertebrate density (standing crop), 

taxa richness, species diversity, ratio of scraper and filtering collector functional feeding groups, ratio 

of pollution-tolerant and pollution-sensitive taxa, and community similarity indices 
1 0 

EauiDment 

The field equipment required for benthic macroinvertebrate sampling includes the following 

e Field data sheets, chain-of-custody forms 

e Field logbook 

e Surber sampler with 352 microns 01) mesh net 

e Ekman sampler 

e Benthic wash buckets with No 30 sieve (or smaller) 

e Dip nets 

e Boots and waders 

e Sample containers, labels, and preservatives 

e Boat and oars, anchor and life preservers 

e Water quality field instruments 
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Cooler and ice 

Decontamination equipment 

Instrument calibration standards 

Preservative (37% Formalin) 

Tape Measure 

Brush (with soft plastic bristles) 

Forceps 

Squirt bottle 

Plastic tub (50 cm square or larger, for use with Surber or Cone samplers) 

Littoral rinse bucket (for use with Ekman Dredge) 

Distilled H,O 

2 4 1 3  

Fish communities will be sampled at four creek stations within OU No 2, at a reference statlon on Rock 

Creek or the upper end of Woman Creek, and at ponds along Woman Creek and South Walnut Creek 

(Table 2-1 and Figure 2-1) Fish will be collected by electroshocking from similar sized creek segments 

or shoreline areas, using procedures that will yield catch-per-unit-effort results All fish will be identified 

and counted Water quality data will be collected in association with the sampling effort The physical 

characteristics of each sampling location will be documented to assess the influence of physical features 

on fishing success and the types and abundance of fish present Field sampling procedures will 

conform to SOP 5 3, Ecology 5 0 (EG&G, 1991d) 

0 

Loca tion/Freauency 

Fish communities will be sampled at eight stations within OU No 2 and at one or more reference 

stations (Table 2-1) The two ponds on Woman Creek (C-1 and C-2) and the two lower ponds on South 

Walnut Creek (8-4 and B-5) will be sampled The upper three ponds on South Walnut Creek will not 

be sampled because they are off-channel ponds used to control spills (6-1 and &2), or to contain and 

control surface runoff and the discharge from the sanitary wastewater treatment plant at the Rocky Flats 

Plant (Pond 8-3) Since flow along Woman Creek downgradient of Pond 8-3 goes through Ponds 8-4 

and B-5, sampling of these two ponds should provide adequate assessment data 
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Since there are very limited running water habitats along South Walnut Creek no creek stations will be 

sampled On the South Interceptor Ditch and Woman Creek, sample stations will be located at the 

upper and downgradient areas of the operable unit (Table 2-1 and Figure 2-1) Sampling results from 

the four on-site creek stations will be compared to the reference station off site 

@ 

The sample stations for fisheries work will be the same 50-meter creek segments or 50-meter shoreline 

areas used for benthic sampling Fish will be collected from all stations during the late Spring-early 

Summer period and again in late Summer-early Fall All fish will be released back to the creek or pond 

except for a limited number of reference specimens, small fish that cannot be identified in the field, and 

individuals collected for tissue analysis Precautions will be taken so that the sampling effort itself does 

not produce an impact on fish populations Fish kept for identification or reference will be preserved 

in 10 percent formalin, and fish kept for tissue analysis will be put on ice 

Field Methods 

Fish will be collected from the 50-meter stream segment by setting blocknets at each end of the station 

and making two or three collection passes with a backpack or electroshocker Fish will be removed 

from the creek with long-handled dip nets and placed in live tanks The mesh size on the dip nets will 

be determined during the qualitative field survey effort so that adult fish and most juveniles are retained 

in the net A standard sampling time of 20 to 30 minutes will be established while sampling the first two 

stations The same shocking time will be used at all stations While the stream is still blocked, short 

seines or dip nets will be used after shocking to check deep holes and shoreline pockets 

0 

Fish samples will be processed immediately after shocking is completed All fish will be Identified, 

counted, and measured (total length to the nearest mm) Dominant species will also be weighed As 

stated above, most fish will be released back to the creek Data will be recorded on standard field data 

sheets Small individuals may be kept for identification in the laboratory At the pond stations, fish will 
be collected by shocking along 50-meter portions of the shoreline Since it is impossible to use block 

nets for pond sampling, repeated passes along the same shoreline segment would be unproductive, so 

several 50-meter areas may be sampled if fishing success is poor Pond sampling may be more 

productive during the late afternoon or evening 

The physical characteristics of each sampling station will be described in the field log and conditions 

which may influence catch success will be recorded Basic water quality measurements will be taken 
with field instruments at each sampling station 
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SamDle PreDaration/Analvsig 

Fish samples will be processed in the field, allowing most fish to be released alive Fish specimens 
e 

retained for reference or identtfication will be preserved and labeled Fish kept for tissue analysis will 
be kept on ice in labeled plastic bags and processed within 24 hours of collection If possible, minnows 

and/or sunfish will be collected for tissue analysis at all stations Large fish of other species, such as 

bullheads, will be kept if more biomass is needed for analysis The larger fish will be filleted and the 

right and left fillets will be wrapped separately in aluminum foil, labeled and frozen Catfish and 

bullheads will be skinned Each fish will be divided along the backbone so that the right and left sides 

can be wrapped and frozen separately Smaller fish selected for tissue analysis will be cleaned and 

frozen whole Right and left fillets can be used as duplicate samples and/or submitted to dlfferent 

laboratories for inorganic and radionuclide analyses 

Ecoloaical EndDoints 

All fish will be identified, counted, and measured The fisheries data will be analyzed for relative 

abundance, catch-per-unit-effort statistics, length-frequency histograms, and the relative proportions of 

herbivorous, carnivorous, or omnivorous species 

- 
Eaumment 

The field equipment required for fisheries sampling includes the following 

e Field data sheets, chain-of-custody forms 

e Field logbook 

e Backpack electroshocker 

0 Measuring board and scales 

e Boots and waders 

0 Sample containers, labels, and preservatives 

e Boat and oars, anchor and life preserver 

e Water quality field instruments 

e Cooler and ice 

0 Decontamination equipment 
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0 Instrument calibration standards 

' @  0 Fish identification keys and hand lens 

0 Seines (beach seine, kick seine) 

e Reinforced dip-nets 

e Small dip-nets 

e Rubber Gloves 

e 5-gallon bucket or equivalent to be used as line well 

2 4 2 Terrestrial Ecosystems 

The FSP for terrestrial communities is directed at sampling grasslands, wetlands, small mammals, 

invertebrates, and roots/microbes at selected locations at the source areas and stations east of the 

source areas A reference area or areas selected for comparative studies will be sampled for similar 

components and parameters The stations selected for terrestrial sampling are shown in Figure 2-2, 

while the sampling program is summarized in Table 2-2 The station location or the selection of the 

component being sampled may be modified to be consistent with the results of the Spring qualitative 

survey and to correspond to surficial sampling locations 0 
2 4 2 1 Grassland Veaetation 

The grassland community at the reference and test areas will be sampled for plant species, cover, and 

productivity using standardized quadrats These parameters give the best indication of the structure 

and function of dryland vegetation A preliminary field reconnaissance of the site did not reveal 

significant areas of other vegetation types There are no shrubland or woodland types of a size 

sufficient to sample The isolated shrubs or single trees will be noted or sampled within the quadrats 

selected for grassland sampling Field sampling procedures will conform to SOP 5 10, Ecology 5 0 
(EG&G, 1991d) 

LocationIFreauencv 

Grassland vegetation will be sampled at the 11 stations shown on Figure 2-2 These will be staked and 

located to represent the grassland type in the vicinity of the location selected Sample locations will 

be determined during the qualitative field surveys by ground truthing and with the use of maps and 

aerial photographs The same locations will also be used for sampling small mammals, roots, and 

invertebrates Within the sampling area, one-square-meter plots for cover and quarter-square-meter 
I) 

I 
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TABLE 2-2 

TERRESTRIAL FIELD SAMPLING PROGRAM FOR 
VEGETATION, SMALL MAMMALS, AND WETLANDS 

OPERABLE UNIT NO 2 

Component I Parameter I Sampling Period I Station 

Grassland TS-1 to TS-11 
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clipping plots will be located using a random stratified method The area will be gridded and a spot on 

the grid selected using a random number generator Quadrat locations may be rejected for being 

disturbed or not representative of the vegetation in the area 

Grassland will be sampled during two periods an early season sample during late Spring-early Summer 

and a late season sample during the late Summer Cool-weather grasses and early-season forbs will 

be sampled during the first sampling period Warm-season grasses and late-season forbs will be 

sampled during the latter period 

Field Method@ 

Two sizes and types of quadrats will be used one-square-meter plots for cover and quarter-square- 

meter plots for current season productivity (clipping plots) In the one-square-meter plots, the cover 

of each plant species will be visually estimated to the nearest percent and notes made on condition and 

phenology The quarter-meter plots will be clipped according to the current season’s growth by species 

or type of species and bagged for dry weight and tissue analysis The number of quadrats for both 

cover and productivity will be determined by a sample adequacy formula There will not be less than 

15 quadrats for each type 

Samde PreDaration/AnaIvsi@ 

The cover quadrats will be analyzed for species composition and cover, and the frequency and 

dominance (importance) values derived The sample clipped for productivity will be ovendried to a 

constant weight and weighed Additional samples will be collected and analyzed for tissue 

concentrations of a standard list of inorganic chemicals and radionuclides The analytical parameters 

are listed in Section 2 5 4 

Ecoloaical EndDoints 

The grassland quadrat sample will provide species composition, cover, productivity, diversity, and 

structure of the terrestrial ecosystems Tissue sample analysis will provide information on 

concentrations of contaminants in vegetation as an indication of bioaccumulation 
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Equipment to be used for grassland sampling includes 
a 

Field forms (for recording cover and clipping plots data), labels, chain-of-custody forms 

Metric rulers 

One- and 0 25-meter-square frames 

Stainless Steel Scissors 

Paper sacks and indelible marker 

Plastic bags 

Cooler and ice 

Glass sample containers 

Field identification guide 

Decontamination equipment 

0 2 4 2  2 Small Mammalp 

Small mammals will be trapped live at the reference areas and at some of the same locations as the 

grassland plots Small mammals, particularly microtlnes, will be trapped because they are primary 

consumers of vegetation and form the basis for the link to the higher levels in the food chain leading 

to top carnivores Mice and ground squirrels will be trapped because they live on and in the soil, they 

may be directly exposed to contaminants Field sampling procedures will conform to SOP 5 6, Ecology 

5 0 (EG&G, 1991d) 

LocationIFreauency 

Small mammals will be trapped at 5 of the 11 sampling locations shown on Table 2-2 These locations 

may be modified, based on results of the qualitative field surveys conducted in the late Spring There 

will be two trapping periods, the first in mid-June for early season densities, and one in late August to 

determine changes in densities from the season’s reproduction 
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Field Method@ 

Two small grids of live traps will be laid out in five rows of five traps each at 5-meter intervals for a total 
e 

of 50 traps or 25 traps per grid Traps will be baited with rolled oats, cornmeal or peanut butter The 

traps will be run for four consecutive nights at four-hour intervals using standard procedures for trapping 

protocol Animals trapped will be recorded for species, weight, sex, and breeding condition and 

examined for the presence of tumors and ectoparasites Prior to release, each captured animal will be 

marked with a pelage dye for recapture data and population estimates At the end of the trapping 

period, a number of individual animals will be collected and preserved for tissue analysls A 

representative sample will be determined from the trapping results Animals selected for tissue or organ 

analysis will be asphyxiated by nonchemical, manual suffocation, placed in plastic bags, and stored on 

dry ice for transport to the laboratory for analysis 

SamDle PreDaration/Analvsiq 

The animals will be prepared according to laboratory procedures established for the type of analysis 

to be conducted Animals selected for organ analysis will be dissected prior to tissue analysis 

@ Ecoloaical EndDointg 

The small mammal populations will be analyzed for species, density, and reproductive success These 

parameters will be indicative of the condition of this important trophic level 

Eaumment 

Field equipment that will be used for small mammal trapping includes 

0 Field data sheets for recording sampling information, labels, chain-of-custody forms 

e Sherman or equivalent live traps 

0 Plastic bags 

0 Field scales in grams to the nearest gram 

0 Cooler and dry ice 

0 Bait (rolled oats, cornmeal, or peanut butter) 

0 Stiff brush and squirt bottle 

Final Phase II RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 28 February 1991 
Rocky Flats Plant Golden Colorado Revision 1 Attachment 2 0 Page 2-26 
eg&g\903pad\ou2 ph2\feb\attach 2 feb 



e 25-m or 5-m fiberglass tape measure 

e Food coloring (three colors) 

e Glass sample jars 

e Field identification guide 

e Field notebook 

e Metafane 

2 4 2 3 Roots and Microbes 

Roots for tissue analysis will be collected in hand-dug trenches to a depth (probably about 0 5 meter) 

to be determined during the qualitative surveys of rooting depths and density Collection will occur 

once during the late Summer growing season at the station indicated in Figure 2-2 and listed in Table 

2-2 Roots will be collected from the sides of the trench for the equivalent of about 100 grams of root 

material from incremental depths of 10 cm to the bottom of the trench They will be placed in plastic 

bags, stored in a cooler with ice, and transported to the laboratory for tissue analysis The tissues will 
be analyzed for the contaminants listed in Section 2 5 4 The ecological endpoints for the root tissue 

sample analysis is to determine possible amounts of transport to vegetation from root uptake of 

contaminants Microbial biomass will be sampled using a chloroform fumigation and extraction method 

on known volumes of soil 

@ 

2 4 2 4 Invertebrates 

Invertebrates, mostly insects, will be collected at all vegetation sampling locations by the use of sweep 

nets Sweeps will be accomplished by making approximately 20 strokes at the top of the vegetation 

canopy The material caught in the net will be placed in killing jars, stored in vials, and transported to 

the laboratory for analysis Ground-dwelling anthropods will be picked up by hand and handled In the 

same manner as invertebrates caught in the sweep nets The ecological endpoints of the invertebrate 

sampling is a compilation of the common species in this ecosystem component Field sampling 

procedures will conform to SOP 5 9, Ecology 5 0 (EG&G, 1991d) 

2 4 2 5 Wetlands 

Wetlands will be sampled because they are an important and productive vegetation type although small 

in size and extent The wetlands at OU No 2 grow around seeps on the slopes below the source areas 

and along drainages and ditches Wetlands will be characterized for location, size and condition, and 
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I sampled in late Summer for dominant species present Samples will be taken of major plant species 

for tissue analysis The growing shoots will be clipped and handled in the same manner as the 

grassland samples The ecological endpoint of the wetland sampling is a determination of whether 

wetland plant tissues bioaccumulate contaminants in surface water from underground springs and 

seeps Field sampling procedures will conform to SOP 5 10, Ecology 5 0 (EG&G, 1991d) 

2 5 QUALITY ASSURANCE/QUALITY CONTROL 

The basic QA/QC protocols for the ecological assessment at OU No 2 are incorporated into this 

Environmental Evaluation Work Plan (EEWP) and in existing QA/QC documents for the OU No 2 RFi/Ri 

and the ER Program at Rocky Flats Plant Also, many of the OU-specific QA/QC protocols will be 

presented in project documents that will be prepared prior to implementing the field sampling For 

example, DQOs and the basic QA/QC protocols for the field sampling will be presented In an OU- 

specific QAA Also, sample management and waste management protocols, as well as details of 

laboratory analytical requirements, will be prepared after the EEWP is approved This section of the FSP 

addresses some of the QA/QC issues and indicates the general QA/QC protocols that will be developed 

and used for the EE 

0 The EE will be implemented under the QAPjP and the project-specific QAA The QAA is consistent with 

the draft QAPjP prepared for the ER Program at the Rocky Flats Plant (EG&G, 1990b) The QAA will 

describe the QA/QC policy and protocols necessary to achieve the required DQOs for OU No 2 
Development of the DQOs has been initiated and these will be Incorporated into the QAA or a 

companion document 

The QAPP and QAA program will address such items as 

0 Project organization 

0 Authorities and responsibilities 

0 QA objectives 

Sampling and analysis procedures 

0 Custody of samples 

0 Analytical procedures 

0 Data validation reporting 

0 Internal quality control 
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0 Data assessment procedures 

0 Quality assurance reports 

0 Audtting 

This section of the FSP addresses some of the QA/QC issues and indicates the general QA/QC 

protocols that will be developed and used for the EE 

2 5 1 Sample Documentation 

Standard procedures will be developed to document sampling activities and conditions Standard 

procedures will also be used to label and track field samples Bound field logbooks wlll be used to 

document field activities and sampling conditions Standardized data sheets wlll be used for the 

different sampling activities so that complete data records are maintained The sampling team leader 

and team members wlll be recorded for each day Entries in the logbook and data sheets will allow the 

sampling team leader to recreate sampling details at a later date if necessary All sampling locations 

will be described 
I 

A sample management plan will be developed to control sample labeling and provide a numbering 
system to track individual samples in the field and laboratories, and in the data management system 

Chain-of-custody procedures for both chemical and biological samples wlll be established The sample 

management plan will be Integrated with the ongoing RFI/RI actlvltles at OU No 2 

@ 

2 5 2 Equipment Calibration and Checks 

All equipment will be checked prior to field work, on a daily basis when necessary, to assure that ail 

equipment components are in place and that the equipment is operating properly Manufacturer’s 

operating manuals and calibrating procedures will be followed for field instrumentation (e g , pH meters 

and photoionization detectors) Calibrations for the appropriate instruments will be made on a dally 

basis The field team will include operators trained in the use of each instrument, and these operators 

will check the equipment periodically during the day to determine that the instruments are working 

properly A system for flagging defective equipment to preclude Its use will be developed 

Equipment lists will be maintained for all sampling activities so that field crews are adequately and 

completely equipped Also, only qualified operators will be used to operate field Instruments and 

equipment such as fish electroshockers a 
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I 2 5 3 Health and Safety/Waste Management 

Health and Safety Plans (HSPs) will be prepared for each sampling activity or field effort Field crews ‘ e  
will be informed of potential hazards associated with the site area and with sampling operations The 

HSP will address both physical and chemical/radiological hazards and include medical emergency 

protocols and contacts 

A waste management plan will be developed to describe procedures required to decontaminate 

equipment and personnel before and after sampling activities The plan will describe procedures for 

handling potentially toxic or radioactive waste appropriately Further, the plan will describe waste 

characterization/classification protocols and waste handling and segregation procedures The plan will 

also address packaging and labeling of wastes and transferring sample-generated wastes to the proper 

on-site storage or disposal areas 

A Health and Safety Plan, needed to meet the minimum requirements identified in the Rocky Flats Plant 

ER Program Site Health and Safety Plan Workbook (EG&G, 1990b), will be developed for the E€ prior 

to the commencement of any field investigations or field sampling The Workbook addresses the 

following health and safety requirements 

0 Safety and Health Assessment (chemical, radiological, biological, and physical hazards) 

0 Training 

0 Personal Protective Equipment (PPE) 

0 Site Monitoring 

0 Decontamination 

0 Emergency Response 

0 Confined Space Entry 

0 Spill Containment 

Because OU No 2 contains 18 solid waste management units (SWMUs) [or individual hazardous 

substance sltes (IHSSs)], personnel involved in the actual field work and sampling will be required to 

have 40 hours of Occupational Safety and Health Administration (OSHA) training They will be 

instructed in the use of PPE appropriate for the level of hazardous substances expected to be found 

The HSP will also address decontamination procedures for personnel and equipment 
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In addition, all personnel assigned to field activities at OU No 2 will receive two hours of health physics 

training This training will address the types of radionuclides expected at the unit and the potential 

effects of human exposure Appropriate precautions and protective measures for those potentially 

exposed to radiological hazards will be incorporated Into the HSP 

e 
2 5 4 Sample Handling and Analytical Protocols 

Sample management plans and laboratory analytical protocols will be developed to establish standard 

procedures for handling, preserving, and shipping samples The protocols will also address methods 

of communicating analytical requirements to the laboratories 

For the bioaccumulation study, tissue samples from terrestrial and aquatic Organisms will be kept on 

ice and shipped to the laboratory within 24 to 48 hours of collection, or frozen and shipped to the 

laboratory at a later time Tissue samples will be analyzed for the inorganics (metals) and radionuclides 

listed in Table 2-3 These inorganic elements and radionuclides have been detected at the 903 Pad, 

Mound, and East Trenches Areas during the Phase I RFI/RI The holding times, preservation methods, 

and approximate sample sizes required are presented in Table 2-4 Metals will be determined by 

inductively coupled argon plasma spectroscopy (ICP) or graphite furnace atomic absorption 

spectroscopy (GFFA) GFFA IS required to attain the lower detection limits needed to assess risks for 

the more toxic and/or carcinogenic inorganics The detection limits will be established during 

development of the QAA and DQOs 

0 

Tissue samples will not be analyzed for organics The principal organic contaminants at OU No 2 are 

volatiles, and these compounds will normally volatilize fairly quickly from surface water, air, and surficial 

soils that are the most common exposure points for ltving organisms Also, the laboratory protocols 

for tissue digestion and analysis frequently do not provide good quality consistency or reproducible 

results for volatile organics unless extreme care is taken in handling and processing the samples 

Therefore, bioaccumulation studies will be limited at present to inorganics and radionuclides 

The sample management plan and laboratory analytical protocol document will specify the type and 

number of QA/QC samples required in the field and in the laboratory For example, duplicate field 

samples will normally be collected at a rate of at least one duplicate sample per ten field samples 

Various types of field blanks will also be collected or prepared to verify equipment decontamination or 

check on extraneous sources of contamination The QA/QC samples required for laboratory processing 

(e g , laboratory duplicates, spiked samples, and blanks) will be specified in the laboratory analytical 
@ protocols 
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2 5 5 Statistical Analysis and Procedures 

Standard statistical methods and procedures will be used to analyze data collected in the quantitative 
0 

sampling program Where appropriate, data will be analyzed for the statistical parameters of means, 

variances, and standard deviation to determine precision of values Normally distributed data will also 

be analyzed for variances and correlation coefficients or regression analysis to determine, for example, 

if contaminant concentration in tissue is related to media contaminant concentration Significant 

differences in paired samples between locations or sampling periods will be established, such as 
comparisons between reference areas and the test area sample data Sample adequacy formulae will 

be used to determine if the number of samples is adequate based on mean, variance, and the level of 

accuracy needed Since much of the data used to characterize the biological parameters are simply 
descriptive, values such as the arithmetic mean, maximum, and minimum will be reported for many 

samples 
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TABLE 2-3 

ANALYTICAL PARAMETERS FOR BIOACCUMUIATION 
STUDY TISSUE ANALYSES, OU NO 2 

Antimony I Manganese I Americium 241 
I I 

Arsenic I Mercury I Plutonium 239, 240 
1 I 

Barium I Molybdenum I Strontium 89, 90 
I I 

Cadmium I Nickel I Tritium 
I I 

Calcium I Potassium I 
I 

Chromium 111 I Selenium ! 
Chromium IV Silver 

Copper Sodium 

Iron Strontium 

Lead Vanadium 

Lithium I Zinc I 
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TABLE 2-4 

HOLDING TIMES, PRESERVATION METHODS, 
AND SAMPLE CONTAINERS FOR BIOTA SAMPLES 

Samples for Metal 
Analyses I Container Maximum Holding Preservation 

Time From Date Method 
Collected 

Approxl- 
mate 
Sample 
Size* 

I Terrestrial Vegetation 
I I 

Metals Determined by 
ICP** I 6 mos Freeze and ship 

with dry ice 
Paper bag 25g 
inserted into 
plastic bag and 
sealed 

Paper bag 25g 
inserted into 
plastic bag and 
sealed 

Paper bag 25g 
inserted into 
plastic bag and 
sealed 

Paper bag 5g 
insetted into 
plastic bag and 
sealed 

I1 I I 
6 mos Freeze and ship 

with dry ice 
Metals Determined by 
GFAAc 

It I I 
1 I 

24 hrs Hexavalent 
Chromium 

Freeze and ship 
with dry ice 

II I I 
1 I 

29 days Mercury Freeze and ship 
with dry ice 

1 Periphyton and Benthic Macroinvertebrates 

6 mos I Freeze and ship I Plastic 
with dry ice 

11 ::is Determined by 

Metals Determined by 
GFAA 

6 mos Freeze and ship Plastic 2% 

24 hrs Freeze and ship Plastic 25g 

with dry ice 

with dry ice 
Hexavalent 
Chromium 

Mercury 28 days Plastic Freeze and ship 
with dry ice 

5g 

Sheet 1 of 2 
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TABLE 2-4 (Continued) 

HOLDING TIMES, PRESERVATION METHODS, 
AND SAMPLE CONTAINERS FOR BIOTA SAMPLES 

Samples for 
Radionuclide 
Analyses 

Maximum Holding Preservation 
Time From Date Method 
Collected 

Container Approxi- 
mate 
Sample 
Size 

Terrestrial Vegetation 

Uranium-223, 224, 
235, 238 
Americium-241 
Plutonium-239, 240 
Tritium 
Strontium-89, 90 

Periphyton, Benthic Mc 

Uranium-223, 224, 

Americium-241 
Plutonium-239, 240 
Tritium 
Strontium-89, 90 

235, 238 

I 

6 mos Freeze and ship 
with dry ice 

I 

croinvertebrates, and Fish 

, 6 mos Freeze and ship 
with dry ice 

I 

Paper bag 100-5OOg 
inserted into 
plastic bag and 
sealed 

Plastic 100-5OOg 

* Sample size may vary with specific laboratory requirements 
** ICP = Inductively Coupled Argon Plasma Emission Spectroscopy 
+ GFAA = Graphite Furnace Atomic Absorption Spectroscopy 
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i AlTACHMENT 3.0 
EXAMPLE TOXICOLOGICAL PROFILE 1,l-DICHLOROETHANE 

3 1 INTRODUCTION 

The chlorinated ethanes are produced in large quantities and are used for production of tetraethyl lead 

and vinyl chloride, as industrial solvents, and as intermediates in the production of other organochlorine 

compounds All of the chlorinated ethanes studied have been found to be mildly toxic, with toxiclty 

increasing with the degree of chlorination Density and melting point also incream with halogen 

substitution Conversely, both water solubility and vapor pressure decrease with halogem substitution 

1,l dichloroethane has the molecular formula C2C12H, and a molecular weight of 98 96 Also known as 

ethylidenechloride or ethylidenedichiorlde, pure 1,l dichloroethane has a vapor pressure of 182 

millimeters (mm) mercury Hg, a water soiublllty of 5,500 milligrams per liter (mg/L) (Archer, 1979) and 

a log K, of 1 79 (Vaivani, et ai, 1981) Based on these data, this compound would be expected to 

partition into the water column in aquatic ecosystems, rather than adsorb to suspended particulates 

It has an estimated half-life in water of one to five days and a half-life in air of one and one-haif months 

(Callahan, et al , 1979), no half-life value for 1,ldchloroethane in soil could be located in the available 

literature However, evaporation is expected to be the predominant loss mechanism from the soil 

surface The half-life for soil evaporation should be longer than its evaporation half-life from water In 

subsurface soil, the loss of 1 ,ldichloroethane through biodegradation is expected to be insignificant 

(Wilson, et al , 1983) Therefore, 1,l dichloroethane may persist in soil and is expected to be removed 

primarily through leaching into ground water 

0 

Halogenated hydrocarbons have been identified in 80 domestic water supplies by Symons, et el (1975) 

1,l -dichloroethane was among the compounds identified in finished water of several metropolitan areas 

(Coleman, et al , 1976, Kopfier, et al , 1976) 

3 1 1 Environmental Toxicity 

Few animal studies have been conducted with 1,l -dichloroethane In a study conducted by Larson, et 
al (1955), three dogs were intubated with 200 milligrams per kilogram (mg/kg) body weight (bw) for 

SIX days/week for eight weeks in order to observe the effects on the adrenal gland Ail three animals 

survived and none had significant histopathology of the adrenals Other parameters of toxicity were not 

reported Rats given 1,l-dichloroethane in a corn oil carrier via gavage exhibited depressed body 

weights at dosages greater than 1,000 mg/kg bw (NCI, 1978) Males appeared susceptible to lower 
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doses than females However, these studies were considered too limited in their assessment of toxicity 

criteria to be useful in risk assessment 

Of several species tested, cats appeared to be the most sensitive to inhaled 1,ldichloroethane Blood 

urea nitrogen levels were immediately elevated during post-exposure and peaked at approximately three 

times the normal level Histopathological examination of the cats revealed renal tubular dilation and 

degeneration, Indicating kidney damage (Hofmann, et el , 1971) Based on data from this study and 

another by Torkelson and Rowe (1981), a no observable effect level (NOEL) of 500 parts per million 

(ppm) [2,025 milligrams per cubic meter (mg/ma)J can be suggested for subchronk exposure in rats, 

cats, guinea pigs, rabbits, and dogs 

The only study of chronic oral toxicity to 1,l dichloroethane was reported in the NCI carcinogenicity 

assay (NCI, 1978), in which 50 male and 50 female rats and mice were intubated with the compound 

in a corn oil carrier Treatments were administered for five days/week for three weeks, followed by one 

dose-free week and three additional treatment weeks over the 78-week treatment period All groups of 

male and female rats exhibited a hunched appearance, abdominal urine stains, labored breathing, 

wheezing, and nasal discharge Although there were no definitive signs of 1,l dichloroethane toxicity 

in physical appearance or behavior of the mice, survival of both males and females was adversely 

affected ' a  
In Schwetz, et a1 (1974), female rats were exposed to 0,  3,800, or 6,000 ppm 1,ldichloroethane via 

inhalation for seven hours/day on days 5 to 15 of gestation The highest dose resulted in an Increased 

incidence of delayed ossification of sternebrae in the newborn rats 

3 1 2 Humrn Toxicity 

At one time, 1,ldichloroethane was used as an anesthetic, with an anesthetic pressure of 0 026 

atmospheres, -105,000 mg/m3 (Miller, et ai, 1965) The ability of the compound to Induce cardiac 
arrhythmias caused discontinuation of its use as an anesthetic (Browning, 1965) It Is probable that 

human exposure to sufficiently high levels of 1 , 1 dichloroethane would cause central nervous system 

(CNS) depression and respiratory tract and skin irritation, as is the case in exposure to many other 

Chlorinated aliphatics Although the EPA (1980, 1983) stated that no information was available on 

unusual sensitivity of any groups to any of the chlorinated ethanes, it was suggested that individuals 

with liver insufficiency or exposure to other hepatotoxins may be at increased risk Presumably, 
individuals with impaired renal function may also be unusually sensitive to exposure to ill- 

dichioroethane In general, there is a paucity of information regarding the impact of this compound to 0 human health 
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3 1 3 Carcinogonlcity 

@ In the 1978 National Cancer institute (NCI) carcinogenicity assay, female rats demonstrated a significant 

dose-response relationship in the IncMence of hemangiosarcoma However, male rats showed no 

significant change in neoplastic incMence that was related to the 1,l dichloroethane compound 

Mammary adenosarcomas were also consldered significant in the females, using the Cochran-Anltage 

test for linear trend in proportions However, significance was not demonstrated using the Fisher Exact 

test In female mice, the Cochran-Armitage test showed a positive dose-response relationship In the 

incidence of benign endometrial stromal polyps that was coincident with results of the Fisher Exact test 

NCI concluded that this evMence suggested the possible carcinogenic potential of 1,l dichloroethane 

but deemed it inconclusive 

I 

Weisburger (1977) reviewed NCi's bioassays of several halogenated aiiphatics and noted that 1,l- 

dichloroethane and tetrachloroethylene both induced hepatocellular carcinoma in mice Although the 

incidence of this type of tumor was not considered significant, the similarity in lesions produced by other 

members of this chemical class raised a concern that the marginal results may well be biologically 

important Nevertheless, neither the international Agency for Research on Cancer (IARC) nor the 

Carcinogen Assessment Group of the U S Environmental Protection Agency (EPA) has classified 1,l- 

dichlorochloroethane as to carcinogenicity, placing it into Group D -- Not Classified chemical 
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ATTACHMENT 4 0 

SUGGESTED OUTLINE FOR THE ROCKY FLATS PLANT OPERABLE UNIT NO. 2 
(903 PAD, MOUND, AND EAST TRENCHES AREAS) 

ENVIRONMENTAL EVALUATION REPORT 

EXECUTIVE SUMMARY 

LIST OF ACRONYMS 

1 0  INTRODUCTION 

1 1  OVERVIEW 

General problem at site 
Rocky Flats Plant and Operable Unit 
Scopeof €E 

1 2 SITE BACKGROUND 

Site environmental description 

- Topography and Geology 
- Hydrogeology and Hydrology 

- Meteorology 
- Ecology 

Site Map 
General History 

- Source Areas 
- Plant operations 
- Known or potential contaminants 
- Adjacent Operable Units 

Geographic location relative to off-site areas of interest 
General sampling locations and media 

1 3 SCOPE OF ENVIRONMENTAL EVALUATION 

Assignment and rationale 
Overview of study design 

1 4 ORGANIZATION OF ENVIRONMENTAL EVALUATION REPORT 

2 0 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN 

2 1 GENERAL CONSIDERATIONS PERTAINING TO THE ROCKY FLATS PLANT 

Historical information 

Other reports and data 
Prior surveys and field investigations 

2 2 OPERABLE UNIT NO 2 
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Area- and media-speclflc collection strategy 
Data from site investigations 

- 
- Data analysis 

Summary of methods and quallty control 

Uncertainties, limitations, gaps in quality of data 

2 3 SUMMARY OF CHEMICALS OF POTENTIAL CONCERN 

Crtteria 
Receptors 

3 0 EXPOSURE ASSESSMENT 

3 1 CHARACTERIZATION OF EXPOSURE SEllING 

Physical setting 

- Climate 
- Vegetation - Soil types 
- Surface hydrology 
- Ground water hydrology - Ecological habitats (e g , prairie, pond, riparian vegetation) 

Potentially exposed populations 

- Nature and extent of contamlnation 
- Assessment of sensitive environments - 
- Habitats potentially affected by site contamination 

Populations potentially exposed to contaminants 

3 2 IDENTIFICATION OF EXPOSURE PATHWAYS 

Sources and receiving media 
Fate and transport in release media 

- 
- Decomposition rates and products - Bioaccumulation potential 

Physical, chemical, and biological processes 

Exposure points and exposure routes 

3 3 POTENTIAL FOR EXPOSURE 

Seasonal or climatic variations 
Site-specific geophysical, physical, or chemical conditions 

3 4 QUANTIFICATION OF EXPOSURE 

Exposure point concentrations 
Route of intake 

3 5 CONTAMINANT CONCENTRATION ASSESSMENT 
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' @  

a 

4 0  

5 0  

6 0  

Identification of Uncertainties 
Summary of Exposure Assessment 

Exposure concentration versus criteria/standards In water, soll, and alr 
Exposure concentration versus toxicity data from literature 

ECOLOGICAL EVALUATION 

4 1  

4 2  

4 3  
4 4  
4 5  

AQUATIC ENVIRONMENTS 

Periphyton 

- Algal types, species diversity, standing crop (biomass) , productivity 

Benthic Macroinvertebrates 

- Abundance, species diversity, tolerant/intolerant species, biomass, fecundity 

TERRESTRIAL ENVIRONMENTS 

Grassland Flora 

- Herbaceous and shrub species, cover class, biomass, primary production, 
dominant species 

Grassland Fauna 

- Species diversity, 
evidence of stress 

Wetland Flora 

standing crop, variety of vertebrates and invertebrates, 

- Abundance, species diversity, biomass, production, visible evidence of stress 

EVALUATION OF POTENTIALLY AFFECTED HABITATS 
EVALUATION OF POTENTIALLY AFFECTED POPULATIONS 
SUMMARY OF ECOLOGICAL EVALUATION 

TOXICITY ASSESSMENT 

5 1 
5 2 
5 3 TOXICITY VALUES 
5 4 
5 5 

PROFILE OF TOXIC EFFECTS FOR CONTAMINANTS OF CONCERN 
EXPOSURE PERIODS AND INTAKE 

UNCERTAINTIES RELATED TO TOXICITY INFORMATION 
SUMMARY OF TOXICITY INFORMATION 

RISK CHARACTERIZATION 

6 1 SUMMARY OF RISKS 

Based on criteria/standards 
Based on toxicity assessment 
Based on bioaccumulation data 
Based on comparative ecology assessment 

6 2 OVERALL SCENARIO OF RISK ASSESSMENT 
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7 0  SUMMARY 

7 1 CHEMICALS OF POTENTIAL CONCERN 
7 2 EXPOSURE ASSESSMENT 
7 3 ECOLOGICAL EVALUATION 
7 4 TOXICITY ASSESSMENT 
7 5 RISK CHARACTERIZATION 
7 6 LIMITATIONS OF ANALYSIS 

GLOSSARY 

LIST OF REFERENCES 

APPENDICES 

Final Phase I t  RFI/RI Work Plan (Alluvial) - 903 Pad, Mound, and East Trenches Areas 28 February 1991 
Rocky Flats Plant Golden, Colorado Revision 1 Attachment 4 0 Page 4-4 
eg&g\903pad\ou2-ph2\feb\attach 4 feb 



AlTACHMENT 6 0 

TABLE OF CONTENTS 

Section 

5 0 RESPONSES TO EPA AND CDH COMMENTS ON THE FINAL PHASE I1 
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AlTACHMENT 6 0 

RESPONSES TO EPA AND CDH COMMENTS 

5 1 RESPONSES TO EPA COMMENTS DATED 14 MAY 1990 

EPA7-7 COMMENT 

Becutive Summary 

The bedrock RI/FS workplan for Operable Unit Number 2 (OU 2) will be Wed Phase I1 RFIPI Workplan 
(bedrock), not Phase Ill 

Plutonium and americrum are also observed rn seeps downgradient of the 903 Pad and in the upper 
reaches of South Walnut Creek This must be evaluated and discussed within the draft Phase I1 RFIPI 
Report 

RESPONSE 

The bedrock Remedial investigation/Feasibility Study (Ri/FS) work plan for Operable Unit Number 2 
(OU No 2) will be titled the Phase It RCRA Facility tnvestigation/Remedid Investigation (RFI/RI) Work 
Pian (Bedrock) and is referenced as such in the Revision I of the Final Phase I i  Work Plan (aliW) (see 
P ii) 

Reference to the presence of plutonium and americium in two seeps (SW-SO and SW-53) downgradient 
of the pad has been added in the Executhre Summary Their presence may be attrlbuted to the water 
from the seeps coming in contact with surface soils exhiblting elevated concentrations of these 
radionuclides This theory wlli be evaluated and discussed within the draft Phase II RFI/RI Report (see 
P ii) 

EPAI-2 COMMENT 

Section 1 Q 

The Bedrock Work Plan IS also a Phase I1 Work Plan It IS not a Phase 111 Work Plan 

RESPONSE 

See previous response 

e 

EPA l-3 COMMENT 

Section 1.4 7 1 

The location of the burial grounGJ for the drums containing plutonium contaminatec sludge is 
important to determine as a part of this RFI/RI 4 54 x 70 gm/P plutonium does not Correlate to 280 
pic0 Ci/l plutonium 
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RESPONSE 

Available historical references were reviewed in an attempt to determine the location of the burial 
grounds for the drums containing plutonium contaminated sludge The information is not provlded 
The location will be further investigated during the RFI/RI 

4 54 x io9 grams per liter (g/t) of plutonium correlates to 280 microcuries per liter @Ci/t), not 280 
picoCuries per liter (*ill) The error has been corrected in the text (see p 1-25) 

EPA1-4 COMMENT 

section 1 4  12 

The off-site disposal location of the plutonium contaminated soils removed from the 903 Up Site must 
be determined as part of this RFl/RI 

RESPONSE 

This information is not provided in the amiable refereme6 The disposal location will be further 
researched during the RFI/RI 

EPA7-5 COMMENT 

Section 1 4  1 4  

It is important to know what is meant by destruction of lithium, calcium, magnesrum and solvents at 
site 140 so that the RFl/RI can incorporate this information in characterizing the site Implementation 
of the workplan must address this issue I 

0 
RESPONSE 

The references do not provide any information more descriptive concerning the method of destruction 
of lithium, calcium, magnesium, and solvents at site 140 It is presumed, however, that the method of 
destruction for metals was burning (oxklatm) of the elemental form It is possible that addttbnal 
information will be discovered during preparation of the Historical Release Report 

EPA7-6 COMMENT 

Section 1 4  2 1 

It is important to ascettain the condition of the drums when the drums were removed from the Mound 
Site The RFIPI must determine if the sutficial radionuclide contamination of soil is the result of wind 
dispersion of contaminants from the 903 Pad Site 

RESPONSE 

The condition of the drums when removed from the Mound Site is not provided in the amHable 
references An attempt will be made to acquire this information for the draft Phase II RFI/RI Report 

The hypothesis that surficial radionuclide soil contamination is the result of wind dispersion of 
contaminants from the 903 Drum Storage Site will be evaluated during the RFI/Ri 
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EPA1-7 COMMENT 

Sectron 1 4  2.2 

It is important to determine the off-site disposal location of the two drums unearthed in 1968 from this 
site This information must be presented within the draft Phase II RFlfll for OU 2 

RESPONSE 

The off-site disposal location of the two drums unearthed in 1968 from IndMdual Hazardous Substance 
SRe (IHSS) No 108 cannot be determined from the currently available references Additional research 
will be conducted in an attempt to gather this information for the Rfl/RI 

EPA1-8 COMMENT 

Section 2 2 2 2 

Implementation of the final workplan must reflect infomation gathered as a result of the seismic study 
ongoing 

RESPONSE 

Section 2 2 1 2 (formerly Section 2 2 2 2) has been modified to discuss the current understanding of 
bedrock geology based on the results of the seismic reflection study, a comprehensive ltterature 
search, reprocessing and describing previously collected core samples, and collecting and analyzing 
selected samples for grain size analyses (see pp 2-5 through 2-10) 

EPA1-9 COMMENT 

Section 2 3 1 

Table 2-4 wifhin this section should have been revised to reflect the actual number of samples utilized 
to calculate tolerance intervals This information must be updated in the ddl Phase II RFlflI Report 
for ou 2 

RESPONSE 

Table 2-3 (prewously Table 2 4 )  does reAect the actual number of samples used to calculate tolerance 
intervals for each geologic material (see p 2-19) 

EPA 7- 10 COMMENT 

Section 2.3 2 1 

The drah Phase I/ RFI/RI Report must be based on use of appropriate anelyfical procedures 
Procedures should have been identified within the workplan which would allow infomation derwed 
from the Phase I investigation to be verified or refuted The Phase I investigation seems to have relied 
upon medium level CLP procedures utilizing inappropriate detection limits for voiatile organic 
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compounds The final workplan should have referenced the data ValMation of the Phase I data The 
draft Phase II RFIPI Report must reference this informabon and the RFIPI work must incorporate and 
utilize appropriate analytical procedures 

The final Phase II RFIPI Workplan for OU 2 should have identified that acetone, 2-butanone, 
chlorofom, 4-methyl-2-pentanoneY toluene, ethyl benzene, and Nenes appear to be present at Trench 
T-2 The final workplan should not have excluded the possibility of the presence of methylene 
chloride, trans- 1, 2dichloroethene, chloroform, frichloroethene, phthalates, and cis- 7, 3- 
dichloropropene from the 903 Pad Area This information cannot be excluded from the draft Phase 
I1 RFIPI Report 

RESPONSE 

The analytical procedures to be used during Phase II are identified In the Quallty Icbsurence Addendum 
(QAA) presented in Section 9 0  of the Phase II Work Plan Organic and metal analyses WYI be 
performed using Contract Laboratory Program (CLP) routine analytkal setvkes, and radlonudide and 
inorganic analyses will be performed in accordance with the methods speciRed In the General 
Radiochemistry and Routine Analytical Services Protocol (GRRASP) Analytical methods with detection 
limits below or near chemical-specific ARARs will be used to faciitate comparison of resulting data to 
Applicable or Relevant and Appropriate Requirements (AMs)  

Validation codes will be presented in the draft Phase II RFI/RI Report 

The presence of acetone [micrograms per kilogram (1 lOOpg/kg)], ethyl benzene (780pg/kg), and total 
xylenes (3300 pg/kg) In the soils just south of Trench T-2 is acknowledged In the text Toluene (640 
pg/kg) was added to the list of volatile organics detected at Trench T-2 as was a reference to the 
presence of chloroform and 2-butanone at concentrations estimated below the detection limit Toluene, 
chloroform, and 2-butanone were originally not identified as possible contaminants at Trench T-2 since 
tduene was detected in only one sample and both chloroform and 2-butanom were estimated at 
concentrations below the detection limit The lack of acknowledgement of these compounds In Phase 
I boreholes at Trench T-2 does not change the proposed work plan 4-methyl-2-pentanone was not 
detected in any soil samples from boreholes BH25-87, BH26-87, BH27-87, or BH28-87 (see p 2-37) 

The work plan does not exdude the possibility of the presence of volatile organics at the 903 Pad Area 
It does indeed state that, based on soil boring analytical results from Phase I ,  volatile organics are 
present in the soil and adjacent to the pad Additional boreholes drilled during Phase II will verify this 
conclusion All sows data will be presented in the draft Phase II RFI/RI Report 

EPAI- 11 COMMENT 

Section 2 3 2 2 

The Oil Burn Pit No 2 is SWMU No 753, not SWMU No 758 

The final Phase II RFIfiI Workplan for OU 2 should have clarified which existing and proposed 
boreholes will be used to characterrze each SWMU, and the numbers and fypes of soil samples to be 
collected at each borehole This information must be included within the draft Phase II RFIPI Report 
for OU 2 

Conclusions regarding the presence of plutonium and americium as a result of the wind dispersion 
of material from the 903 Pad are not acceptable and cannot be substantiated with the present 
information The draft RFI/RI Report must substentiate or refute this theory 0 
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RESPONSE 

The Oil Bum Pit No 2 is IHSS No 153, not IHSS No 158 The correction has been made in the text 
(seep 2-37) 

The boreholes from the Phase I investigation used to characterize each IHSS are presented in Sections 
2 3 2  1 (903 Pad Area), 2 3 2 2  (Mound Area), and 2 3 2 3  (East Trenches Area) The proposed 
boreholes for the Phase I1 field investigation are discussed in Section 5 3 along with an explanation of 
the sampling methodology 

The hypothesis that surficial radionuclide soli contamination is the result of whd dispersion of 
contaminants from the 903 Pad will be evaluated during the RFI/RI 

EPA1- 12 COMMENT 

Section 2 3 2 a 
The draff Phase !I RFI’I Report must be besed on use of eppropriete enelyticel procedures 
Procedures should heve been Identified within #e workplan which would allow information derived 
from the Phese I invesbgetion to be verified or refuted The Phase I investigetion seems to heve relied 
upon medium level CLP procedures utilizing inappropriete detection limits for vdatlle o r p i c  
compounds The finel workplen should heve referenced the data validation of the Phase I data The 
dreft Phase II RFIPI Report must reference this informetion and the RFlPI work must Incorporate and 
utilize eppropnete ene@cel procedures 

In order to verify that the plutonium end emericium contaminebon of the soil Is limited to the Surface, 
the subsurfece soils must elso be sempled end eneMed for radionuclides (see comment on Section 
5 2 3 below) 

The finel workplen should heve indrceted thet phthaletes end 2-butanone were above detection limit 
within semples from boreholes et trenches 1-3, 1-4, 1-10 and 1-1 1 The finel workplen should heve 
indiceted thet 1,1, 1-trichloroethene, toluene, endxylenes eppear to be present within boreholes drilled 
within trenches 1-5 through T-Q The dreft Phase /I RFI/RI Report must reflect this 

RESPONSE 

The analytical procedures to be used during Phase II are identiried in Section 9 0 of the Phase I1 Work 
Plan Organic and metal analyses will be performed using CLP routine analytical senrices, and 
radionucllde and inorganic analyses will be performed in accordance wlth the GRRASP-specified 
methods Analytical methods with detection limits below or near chemical-specific ARARs will be used 
to facilitate comparison of resulting data to ARARs 

Validation codes will be presented in the draft Phase I1 RFI/RI Report 

The parameter list for the source characterization boreholes is presented in Table 5 3  The radionuclide 
analytes include gross alpha, gross beta, uranium-233 + 234,235, and 238, americium-241, plutonium- 
239+ 240, tntium, strontwm-90,89, and cesium-1 37 A discussion of the sampling protocol is provided 
in Section 5 2 

The work plan has been revised to acknowledge the presence of dcn-butyl phthalate at concentrations 
estimated below the detection limrts in four samples from boreholes at trenches T-3, T-4, T-10, and 
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T-1 1 The presence of bis (2-ethylhexyl) phthalate at a maximum concentration of 880 pg/kg in BH45- 
87 (0-95' interval) was also added to this discussion In addition, the detection of 2-butanone in 
samples from this area is also acknowledged in the modified text The detection of toluene, 1,1,1 -TCA, 
and xylenes at concentrations estimated below the detection limit in samples from Trenches T-5 
through T-9 has been added to the text The majortty of these compounds were estimated at 
concentrations below the detection limits and therefore were not identified as potential contaminants 
in the original plan The acknowledgement of these compounds in the final workplan does not change 
the proposed acthdties (see p 2-39) 

I 

E PA 7- 13 COMMENT 

Section 2 3 9 

This section should heve clarified how first querter 1989 site Specmc well de& is compared to second 
quarter beckground information Also, this secbon should heve q le ined why mawimum detected 
values were utilized insteed of upper tolerance limit values, when adleble The draft Phese I1 RFlflI 
Report for OU 2 must provMe this explenetion 

This section should heve discussed the deslgnetions of the flegged enelyticel results as they pertein 
to results estimeted ebovemlow detection limits so es to clerity the lnterpretetion of results The draft 
Phase I/ RFl/Rl Report must include this explanation Teble 2-9 must be updated in the draft RFl/RI 
Report to reflect excluded ground weter date referenced whhin EPA comments on the draft Phese 11 
RFlflI Workplen, Secbon 2 3 3 1 

@ RESPONSE 

The text has been modified to clarify that all data (with the exception of radlonudide data) discussed 
in Section 2 3 3 were collected during the second quarter of 1989 However, sits-specific radionuclide 
data relies on first quarter results because complete second quarter site-specific data are unavaYable 
(seep 2-4) 

Errors were found in Table 2-12A through C (previously Table 2-10) and Tables 2-13A through F, 2-14A 
through F, and 2-15A through F (previously TaMe 2-1 1) listing some background values as maximum 
detected values when they are indeed the upper limit of the tolerance intervals and vice versa The 
errors have been corrected and therefore data are only compared to maximum detected values when 
tolerance intervals are unavailable (see p 2-41) 

A brief discussion has been added to Section 2 3 3 on data value qualifiers "J" and 'E' as reflecting 
concentrations estimated below and above the detection limit, respecthrely This explanation Is also 
presented on the data printouts in the appendices (see p 2-41) 

The 'J" qualifier signifies that the analytical result for a parameter was outside the standard cuwe range 
for both the undiluted (high end) and diluted (low end) sample, and therefore, the result is considered 
approximate It is important to retain this record of limited accuracy, while still reporting that some 
contamination may be present 

Table 2-1 1 (previously Table 2-9) was revised and corrected in Revision 1 of the Final Phase II RFI/RIFS 
Work Plan (alluvial) for OU No 2, as appropriate 

Final Phase It RFI/RI Work Plan (Alluvial) 903 Pad, Mound and East Trenches Areas 
Rocky Rats Plant Golden Colorado 
eg&g\903pad\ou2 ph2\anch 5 feb 

Fbvtsion 1 
28 Fobruary 1991 

Attachment 5 0 Page 56 



@ EPA1-14 COMMENT 

Section 2 3 3.2 

Why are second quarter 1989 well analytical results compared to maximum detected values instead 
of calculated tolerance intewals for ground water radionuclide data in Table 2- 10’ Table 2- 11 should 
have been clarified to note that the background figures presented for comparison to all pmbdously 
collected data may not represent background for quarters other than the second quarter of 1989 
Thus, this serves as a qualitatwe comparison only The data presented within Table 2-11 for 
radionuclides tn ground water should be compared to the 1989 second quarter tdennce Inteml, not 
the maximum detected level for the second quarter of 1989, evBn though this tderance intewai is not 
directly applicable to all data previously collected and is only a qualitative indicator for data collected 
previous to the second quarter 1989 These explanations must be presented within the daft RFIPI 
Report for OU 2 

The work implemented to support the draft Phase I1 RFI’I for OU 2 must substantiate or refute the 
evaporative concentration theory and substantiate or refute the transport of contaminants by the south 
interceptor ditch 

RESPONSE 

Tables 2-12A through C (previously Table 2-10) and Tables 2-13A through F, 2-14A through F, and 
2-15A through F (previously Table 2-11) have been corrected to reflect upper l imb of the tolerance 
intervals where avalable Maximum detected concentrations are only used for comparison where 
tolerance intervals are unavailable (see p 241) 

A statement has been added to Section 2 3 3 2 to explain that the background figures presented for 
comparison in Tables 2-12A through C (previously Table 2-10) and Tables 2-13A through F, 2-14A 
through F, and 2-15A through F (previously Table 2-1 1 )  are for qualitative comparison, and may not 
represent background for other quarters in 1969 (see p 2-51) 

The conceptual model that local concentrations of certain contaminants are due to evaporation of 
shallow ground water will be further investigated during the Phase II acthrities, and the results will be 
presented in the draft Phase II RFI/RI report This investigation will determine the role of the South 
interceptor Ditch in contributing to the elevated major ion concentrations in well 29-87 

EPA1-15 COMMENT 

Section 2 3 5 2 

Data and sampling locations for samples taken in October, 1989 must be presented wlthin the draft 
Phase I1 RFIfiI Report for OU 2 

RESPONSE 

The analytical results for the samples collected in October 1989 will be presented in the draft Phase 
II  RFi /RI  Report 
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EPAl- 16 COMMENT 

Section 2 4 

This section should have been titled Chemical Specific Applicable or Relevant and Approprlate 
Requirements The following comments on the ARAR analysis are intended, in part, to conform the 
ARAR analysis to speck requirements of the revised NCP and will require the reformulation of Table 
2- 12, potential chemical specific ARAR concentmtrons when presented within the draft Phase I1 RFl/RI 
Report for OU 2 

0 The ARAR screening process should not be petfotmed serlalb Rather, relevent and 
wrcpriate requirements are considered in the same manner as applicable requirements 
When more than one ARAR is identified, the most stringent ARAR is to be used 

Pursuant to the NCP [40 CFR 300430 (e)(2)(l)(8)Jl MCLGs must be attained for remedial 
actions for ground or surface waters that are current or potential sources of drinking water 
Where the MCLG is set at level of zero, the MCL must be attained 

0 Pursuant to the NCP (40 CFR 300 430 (e)(2)(i)(E)), Water Quallty Criteria must be attained where 
relevant and appropriate 

0 Pursuant to the NCP (40 CFR 300 430 (e)(2)(i)(A)(2)), the 10E-6 risk level Is to be used for 
carcinogens which do not have an ARAR In pertrcular, this should be evaluated for strontrum 
In additron, in evaluating the potential altemaflves, all ARARs taken together should not present 
a cumulatrve risk in excess of 1OE-4 If such risk would be exceeded for a particular 
altematrve, the ARARs may need to be scaled back accordingly (see also 40 CFR 300 430 
(e) (2) (i) to)) 

0 RCRA LDR is an action specific MI triggered by the placement of a H e d  For 
the purposes of identHying chemical specific ARARs prior to screenhg remedies, the RCRA 
LDR standards in Subpart D or 40 CFR part 268 should be classflied as 'items to be 
considered' 

The newly promulgated applicable CDH surface water standard for mhalomethanes is 190 apb The 
newly promulgated applicable CDH surface water standard for 1, 1,2,2-tetrachIoroethane is 170 parts 
per trillion Although contaminant concentratms in ground water were estimated below detection 
limits, ARARs analyses must be presented for methylene chlorde, acetone, carbon disuMde, 1, 2- 
dichloroethene and toluene Potentre1 ARARs for phthalates and PCBs must also be presented This 
information must be revised within the draft RFIflI Report for OU 2 

RESPONSE 

The discussion of ARARs has been substantially revised and broken out as a separate section, Section 
7 0 Proposed chemical-specific ARARs for OU No 2 ground water are now summarized as Table 7-1 

Potentlal ARARs considered for ground water and soils/sediments are discussed in Section 7 4 and 
7 6, respectively, and determined either to be ARAR or not The most stringent standard available was 
selected for each constituent and presented in Table 7-1 

ARARs discussions have been revised to incorporate the following NCP [FR V d  55, No 46,8848, 40 
CFR 300 430 (e)] consMerations in development of remedlation goals 

1 Proposed ARARs, 

Final Phase II RFI/RI Work Plan (Alluvial) 903 Pad, Mound, and East Trenches Areas 
Rocky Flats Plant Golden, Colorado 
sg&g\903pad\ou2 ph2\attch 5 fob 

Fbvision 1 
28 February 1991 

Attachment 5 0 Page 5-0 



2 for systematic contaminants, concentration levels that will not cause adverse effects to the 
human population and sensitive subgroups over a lifetime of exposure, 

3 for carcinogens, concentration levels that represent an excess lifetime Individual cancer risk less 
than consldering multiple contaminants and multiple pathways of exposure, 

4 factors related to detection limits, 

5 attainment of Maximum Contaminant Level Goals (MCLGs) [or Maximum Contaminant Levels 
(MCLs if MCGLs are zero)] if water is a current or potential source of drinking water, and, 

6 attainment of Clean Water Act (CWA) water quality criteria where relevant and appropriate 

Identlflcation of action-specific ARARs, Including RCRA Land Disposal Restrictions (LDRs), and 
remediation goals is a part of the FeasibHlty Study (FS) process and will be addressed In the Correcthre 
Measure Study/Feasibility Study (CMS/FS) Report Modification and/or establishment of remediation 
goals based on risk conskieration will also be a part of the CMS/FS Report The Colorado Department 
of Health (CDH) surface water trlhalomethane standard is 190 ppb, and ARARs [(or To Be Considereds 
flBCs)] are shown for all volatlies detected in ground water (1,1,2,24etracMoroethane was not detected 
and has been removed from the table) Phthalates and PCBs heve only been detected in soHs 
Chemical-specific ARARs for organic contaminants in soils do not exist and must be determined 
through a risk assessment 

EP1-17 COMMENT 

Section 3 1 

Concerning the Table 3- 1 objective of characterizing the nature and extent of contamination, DOE must 
I also include evaluation of the horizontal and vertical extent of inorganic and organic contamination in 

soils external to SWMUs This addition must be carried forward through Sections 4 0 and 5 0 of the 
workplan and must be implemented and the resulting infomration presented within the draft Phase I1 
RFl/Rl Report for OU 2 The characterization of sources must be completed regardless of the past 
removal of wastes from some of the sites This information must be provided within the draft Phase 
I1 RFl/3I Report for OU 2 

RESPONSE 

Contamination beyond IHSS boundaries would have occurred through migration primarily by ground- 
water transport and wind dispersion (e g , plutonium) Accordingly, contamination beyond the IHSS 
boundaries is being investigated by use of monitoring wells for determination of ground-water quallty 
and soil profiles for plutonium contamination 

EPAl-18 COMMENT 

Section 3 2 

Table 3-2 must be modified to reflect the new NCP modifrcation of the ARARs analysis presented in 
Section 2 4 and the update of the CDH standards for trihalomethanes and 1, 1, 2, 2-tetrachloroethane 
as indicated in comments pertaining to Section 2 4 above 
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The final workplan should have identified workplan items designed to provide information not present 
in the Phase I RI These shortcomings must be identified, corrected and presented withrn the draft 
Phase I1 RFlflI Report for OU 2 

RESPONSE 

Table 3-2 has been removed because it provided redundant information relative to Table 7-1 (formerly 
Table 2-13) 

Section 3 1 summarizes the conclusions of the previous investjgations conducted at OU 2 Along with 
the general condushs, this section identifies issues that were not resolved during these investlgations 
For example further characterization of potential contaminant sources is needed, the nature and extent 
of contamination has not been fully determined, and additional characterization of the unconfined 
ground-water flow system is necessary 

Table 3-1 cites the objectives of the Phase iI RFi/RI work plan These objecthres and the associated 
proposed planned acthrities target the shortcomings identified In Section 3 1 

EPA1-19 COMMENT 

Section 4 1 9 

The brief description of the actrvlties required for the remedial investigation do not correlate to the 
objectives presented within Secoon 3 2 of the workplan For example, not just the sudace soils will 
be sampled and anaryzed for radionuclide contamination 

RESPONSE 

Revisions have been made to Section 4 1 3 of the workplan to ensure that the actMties required for the 
remedial investigation correlate to the objectives of the Phase ii RFi/RI (see p 4-2) 

EPA1-20 COMMENT 

Secbon 4 16 

For clarity, this section should have funher stated that the risk assessment will assume no institutional 
controls The risk assessment to be Presented within the draft Phase I1 RFlflI Report for OU 2 must 
reflect this requirement 

RESPONSE 

The text has been modified to state that the risk assessment will assume no institutional controls (see 
P 4-5) 

I EPA1-2 1 COMMENT 

I a section4 162 
, 
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EPA1-21 COMMENT 

’ 0 Section4 1 6 2  

This section describes work which may be required to evaluate environmental impact associated wfth 
the disposal practrces at OU 2 Data needs and actual workplan obptives are not described or 
defined within Sectron 3 0 of the workplan The draft RFI’I must present this infonnatron and B 
detailed description of the methods utilized to realize these data needs 

RESPONSE 

TaMe 3-1 in Section 3 2  has been revised to provide objectives and data needs for assessing 
environmental impacts related to disposal practices at OU No 2 The Emrironmental Evaluatbn 
Workplan for OU No 2 is now presented in Section 6 0 of this Work Plan 

EPA1-22 COMMENT 

Section 4 2 2 1 

The compliance wrth ARARs section should have been reworded to state The d/lB?rsis will address 
compliance with chemical specificl location specific and acbon specific ARARs in  ecc@me with 
the NCP If an alternative will not comply with an ARAR, the FS report will- a basis forjusti@ing 
a waiver, ’ The draft Phase Ii RFIPI Report must be prepared to reflect this change 

The text has been modified as directed in this comment (see p 4-20) 

EPA1-23 COMMENT 

Sectron 4 2 3 

The progression of Feasibility Study documents is draft to final Under the proposed IAG, there is no 
provision for the Feesibilrty Study to go to public comment The Proposed Plan goes to public 
comment 

RESPONSE 

The discussion in Section 4 2 3 describing the progression of the Feasiblllty Study Report has been 
modified to explain that the final FS will incorporate €PA and CDH comments No reference to public 
comments are made (see p 4-22) 

EPA1-24 COMMENT 

Section 5 Q 

DOE must present rationale for not analping both filtered and unfrhered samples for metal 
constttuents 
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In general, wells at OU No 2 do not yield sufficient quantlties of water to perform both filtered and 
unfiltered analysis Dissolved metals analysis provides the best representation of the metals within 
ground water capable o f  migrating in this medium Total metals analysis would reflect dissolved metals 
and those leached from sediments within the well and is less amenable to interpretation 

EPA1-25 COMMENT 

Sectton 5 1 1 

It is uncleer bow Table 5- 1 correlates wlth statements made in thls secbon concerning well screened 
interval The well screened interval tables should have followed the procedures OUtNned within this 
secbon 

An alluvial monitoring weii must be located approximately 150 feet south southeast of new& proposed 
well 85-90 New well 35-90 must be relocated apprmmateb 50 feet west of proposed locatlon 

RESPONSE 

Table 5-1 presents the anticipated screened interval for each proposed monitoring well based on 
historical water level information The table and associated text now state that If the saturated thickness 
at a location is greater than ten feet, multiple wells will be installed It is not prudent at this time to 
base well numbers on estimated saturated thicknesses 

An alluvial well (105-91) has been added approximately 150 feet south southeast of the proposed well 
85-91 to investigate ground-water quality downgradient of the 903 Pad Area Well 35-91 has been 
relocated approximately 50 feet west of  the original proposed location to provide a better location for 
defining the plume north of Trench T-3 

EPA1-26 COMMENT 

Section 5 1.1 8 

DOE must not reduce the parameter list for analysis of ground water samples prior to receiving 
approval from the regulatoty agencies 

RESPONSE 

DOE will consult with EPA and CDH prior to reducing the analyte list (see p 535) 

EPA1-27 COMMENT 

Section 5 2 12 

Boreholes must be located immediately downgradient of sites 153 and 154 These boreholes must 
be located as close to the source sites as is allowed Boreholes must be located on both sides of 
site 108 in addition to the proposed monitoring wells The draft RFIBI Repon for OU 2 must include 
this requirement A borehole must be placed to characterize the potential for a source to be located 
within site 183 
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a 

RESPONSE 

As discussed in Section 5 2 1 2, the western area of the Pallet Bum Site is inaccessible and therefore 
additional borings are not proposed An additional borehole (BH2891) will be drilled in the eastern area 
to aid in verifying the IHSS location (see p 5-19) 

Additional boreholes suggested by EPA for site 108 will not be drilled due to the presence of the barrels 
throughout the site As explained in response to EPA comment on Section 3 1, contamination beyond 
IHSS boundaries wll be investigated through the use of mitor ing wells and soil profile samples 
Boreholes will only be drilled for source characterization 

A monitor well and borehole (106-91 /BH4691) have been added to characterize the potential source 
within the gas detoxification site and to investlgate ground-water quallty beneath the &e 

EPA1-28 COMMENT 

Section 5 2 19 

Boreholes must be placed external to, and downgradient from Sites W i n  the East Trenches Areas 
This is necessary in order to veri@ the results of the Phase I investigation These boreholes must be 
sampled for all constituents listed within Table 5-5 If Trench T- 10 is filled with benels, boreholes must 
be driiled adjacent to this srte and Figure 1-5 should have been modified to reflect this infotmatlon 
Boreholes and wells must be completed and sampled in surface water drainages downgradient of the 
east spray fields to evaluate the effect they have had on these drainages The drait phase iI R F l p i  
Report must include infomation derived from inclusion of these boreholes 

RESPONSE 

Boreholes are drilled to investigate potential source areas Boreholes will not be drilled outside of IHSS 
boundaries since contaminate migration via ground water will be investigated by installing and sampling 
monitor wells As described In Section 5 2 1 3 alluvial monitor wells 38-91 and 39-91 wlll be installed 
between Trenches T-3P-4 and T-1 1 /T-10 in an attempt to dlfferentiate the two group of trenches as 
contaminant sources Wells 40-91 and 41-91 will be located southeast of Trench T-10 to further 
characterize the extent of volatile organics in allwlal ground water 

EPA1-29 COMMENT 

Section 5.2 3 

Given that stored and buried drums contained plutonium and uranium, the soils must be sampled for 
plutonium 239 and 240, amerlcium 241 and uranium 233/234, 235 and 238 Also, if the one meter 
depth proposed for the vertical profile indicates that radionuclides are found at depth, further 
characterization may be warranted lt would be prudent to sample small discrete intervals wMin 
proposed boreholes drilied into and adjacent to sites known to have contained radionuclides to veri@ 
the premise that 903 Pad is responsible for the radionuclides present in the soils affected by OU 2 
This is necessary as some borehole samples taken at depth do indicate the presence of plutonium 
and americium 

RESPONSE 

Final Phase II R F p I  Work Pian (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Flats Plant Golden Colorado 
eg&g\903pad\ou2 ph2\attch 5 fob 

Revision 1 
28 February 1991 

Attachment 5 0 Page 5-13 



I .  
Table 5-3 (previously Table 5-5) lists the source sampling parameters for the borehde soils The 
radionuclldes include gross alpha, gross beta, uranium-233+234, 235, and 238, americium-241 , 
plutonium-239,240, tritium, strontium-90,89, and cesium-137 Boreholes to be ddled into IHSSs will 
extend from the ground surface to the base of weathered bedrock Continuous samples will be 
cdlected for geologic descriptions for the entire borehde depth From this core, discrete samples will 
be submltted for laboratory chemical analysis at the water table In addition, a discrete sample will be 
cdlected for chemical analysis at the water table Core from saturated surficial materials will not be 
submltted to the laboratory, as the presence of water in this zone WYI affect interpretation of chemical 
results In order to prevent alluvial ground water from affecting weathered bedrock samples, surface 
casing will be grouted into the borehole through surficial materials Subsequent to grout hardening, 
the borehole will then be advanced through weathered bedrock with continuous sampling Discrete 
samples from the core will be submltted to the laboratory for chemical analysis from two feet 
immedlately below the casing, and every four feet thereafter to the base of weathering With regard 
to the plutonium/americium profiles at the surface, a one meter depth sample is almost assuredly not 
going to show elevated plutonium/amencium unless the sampling location Is at, or adjacent to, an 
IHSS where these radionuclides were disposed and have been released to the environment In this 
case, the boreholes will provlde the needed data for greater depths 

‘ a  
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5 2 RESPONSES TO EPA COMMENTS DATED 15 MARCH 1990 

[These EPA comments correspond to the draft work plan submHted in December 1989 They were 
received by DOE in late March 1990, which did not provMe sufficient time for incorporation into the 
Final Work Plan (12 Aprii 1990) Accordingly, responses to these comments are pIovided below, and 
Revision 1 of the Final Work Plan includes modifications that address these comments ] 

EPA2- 1 COMMENT 

In general, the draft workplan for the baseline risk assessment conforms to EPA guidmce for risk 
assessments However, you should be aware that the region is now in the process of deveioping a 
'generic' workplan for risk assessments Once completed, EPA will forward this information to you 
This workplan will, in general, conform to plans now in mstence and those under development in 
other regional offices Included in the workplan wiii be a set of regionally specif~c exposure 
parameters to be used in the exposure assessment portion of the baseline risk assessment Deviation 
from these exposure parameters will require adequate documentation, and the approval of EPA 

RESPONSE 

Region-specific exposure parameters determined by EPA will be used where available Any proposed 
deviation from the parameters will be documented and submllted to the EPA for approval prior to 
preparation of the risk assessment (see p 4-10) 

@ SPECIFIC CO MMFNTS 

EPA2-2 COMMENT 

&ae 46. Paraa raDh3 Obiec We& 

Objective 2 includes fate and transport ana/ysis within environmental media it is also essential that 
the baseline risk assessment address cross media fare and transport For instance, such anatysis 
must include contamination of ground water from soil sources, contamination of air from soils or water, 
etc 

RESPONSE 

Cross-media fate and transport will be considered 

I EPA2-3 COMMENT 

B a e  4-7 Paraoraoh 1. Docu ments to be us@ 

In addition to the documents listed in Table 4-1, €PA will be using documents Included on the 
attached list for development and review of the baseline risk assessment 
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I 
Table 4-1 of the work plan has been revised to include the documents EPA listed for use in risk 

, assessment preparation and evaluation 

EPA2-4 COMMENT 

The following criteria must be used in identwing chemicals to be addressed in the baseline rlsk 
I assessment 

a ) Those chemicals positively detected in at least one CLP sample [Routine Analytical Services 
(RAS) or Special Analytical Services (a)] in a gMn medium, including chemicals wkh 
qualifiers attached indicatrng known identities, but unknown concentrations 

b ) Chemrcals detected at levels elevated above background 

c ) Chemicals which have been tentetrvely id8nrifiled and may be associated with the site based 
on hrstorical informarion, or have been confirmed by SAS 

d ) Transfornation products of site associated chemicals 

It ts unclear whet is meant in the draft workpien by 'nsk based detection limitS' AnaEyb%el detection 
limits based upon the best available technology must be used 

Chemicals must not be eliminated based upon environmental fate predictions until the exposure 
assessment phase of the baseline risk assessment is completed 

RESPONSE 

Criteria a, b, and c as listed in the comment above will be used in selecting site contaminants It is not 
clear what level of detail is expected in the evaluation of potential transformation products The 
prediction of the transformation products is dependent on the avalaMtty of transformation information 
in the scientlfic literature and on information regarding chemical, physical, and microbial site conditions 
Quantitative estimates of transformation products would also be complicated, and depend on site- 
specific conditions as well as information regarding the approach to evaluating transformation products 
(seep 4 4  

Analytical detection limits are based upon the best available technology (see Section 9 0) 

Chemicals will not be eliminated based on fate predictions until the exposure assessment is completed 
(see p 4-9) 
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EPA2-5 COMMENT 

Paue 4-70 Bullet 2 h o s u  re sce narios 

Scenario selection should proceed regardless of the abilHy to quentw exposure This may require 
exposure to be addressed qualilatively under circumstences where qucmtitahve evaluation is not 
possible 

RESPONSE 

All plausible exposure scenarios will be Mentlfied, regardless of the aMhy to quantify exposure 

EPA2-6 COMMENT 

Paue 4-10 Paraam h 2  Factors exa mined in oethwav identifica tion 

In addition to the factors listed] deteiled local meteorological data must be considered 

It may be advantageous to consider receptor characteristics rather than 'exposure scenarios' for the 
purpose of the baseline risk assessment Each of the scenarios listed include several of the same 
receptor subpopulations To avoid a duplication of effort, it may be more efficient to directly assess 
exposure and potential tomcify to subpopulations 

RESPONSE 

Detailed local meteordogical data will be consldered (see p 4-10) 

To avoid duplication, the scenarios will be based on discrete Subpopulations (e g , residents and 
workers) (see p 4-9) 

EPA2-7 COMMENT 

Paue 4-7 7 Paraam h 1 Cancer risk 

It is not clear what is meant by the statement 'Doses or the dose might result in an excess cancer risk 
for noncarcinogenic health' Please explain 

RESPONSE 

The statement 'doses or the dose might result In an excess cancer risk for noncarcinogenic health' has 
been rewritten to state, 'doses might exceed risk reference doses (RfDs) and or might result in an 
excess cancer nsk greater than the acceptable target risk as defined by EPA ( i  e ,  to lod to lQ4) (see 
p 4-10) 
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EPA2-8 COMMENT 

toxlcttv values 

Reference values for systemic or carcinogenic risk deriv6d f r m  SPHEM or PHRED will not be 
acceptable for use in the baseline risk assessments Both of the above sources are now obsolete and 
have been replaced 

RESPONSE 

Toxicity reference values from EPAs Integrated Risk Information System (IRIS) will be used in 
preference to other EPA reference values (see p 4-1 1) 

EPA2-9 COMMENT 

Paae 4-12 Paraarar, h 7  T v ~ e s o  f toxicitv 

It will be unnecessary to generate tmcify values for subchronic CuqDOsure Chronic exposure Will 
provide a more consemtive assessment and will drive the rationale for any cleanup activhy which may 
be indicated 

The preferred terminology for acceptable intake for chronic exposure (AlC) is now 'risk reference 
dose' (RFD) To avoid confusion, this terminology should be used throughout the besellne risk 
assessment and the AIC terminology should be discontinued 

RESPONSE 

a 

Toxicity values will be generated for chronic exposure only 

The term (risk) reference dose (RfD) will be used in the risk assessment to describe the toxichy value 
for acceptable chronic daily intake 

EPA2-10 COMMENT 

Paae 4-12. Paraamoh 3 Risk chamcte rization 

The reasonable meximum estimate of aposure (RME), based upon the 95% upper confidence limit 
of the exposure data, must be used throughout the baseline risk assessment process Details must 
be provided regarding the rationele and methodology for development of subchronic exposure 
estimates 

RESPONSE 

In accordance with EPA guidance, the upper 95 percent confidence liml of the exposure data wilt be 
used to calculate the exposure concentrations Based on the previous comment that there is no need 
to generate toxicity values, it is assumed that there will also be no need to develop subchronic 
exposure estimates 

f 
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EPA2- 11 COMMENT 

' @ 4-12. Paraamoh 2. &patic toxicin/ 

Where applicable, assessment of sediment toxrchy must be included in the environmental portion of 
the risk assessment 

RESPONSE 

The text does not rule out an assessment of sediment toxicity, and such an essessment will be included 
in the environmental evaluation where applicable 
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5 3 RESPONSES TO CDH COMMENTS DATED 15 MAY 1990 

CDH- 1 COMMENT 

This and other similar documents submitted for review by DOE do an excellent job of covering 
geology, demographics, physical location, ecology, and both underground and surface water but 
they all lack good coverage of meteorological and fugitive emisdons information In this document 
wind dispersion is referred to once in Section 1 4 2 1 Mound Site (SWMU Ref No 113) but with little 
explanation Particulates are a major method of transport for Contaminants through reentrainment Any 
leakage or spills of solids such as those from deteriorating pondcrete and construction activities of 
other soil disturbances will also add to fugltive particulates in the air which are a pollutant by 
themselves and may also carry other contaminants 

A second area of fugitive emissions which did not recenm adequate consideration w e  fugibhe VOC 
emissions These may occur from drum leakage, spillsl seepsl etc While these emissions may be 
of minor levels they add to the total plant emissions and are never controlled Both the VOC and 
particulate emissions can have impacts on both human health and the envlronment 

RESPONSE 

Extensive meteorologic and air monitoring data exist for the Rocky Flats Plant These data are reported 
in monthly and annual monitoring reports produced by Rockwell International and now EG&G In 
addition, total long lived alpha and Volatile Organic Carbon (VOC) fugitive emissions were monitored 
during the Phase I RI A discussion of this monitonng program was added to Section 2 3 6 of the work 
plan (pp 2-81 through 2-86) Monitoring of radioactive and VOC fugitive emissions will also be needed 
at OU No 2 during Phase II RFI/RI field activities The Health and Safety Plan currently being prepared 
for OU No 2 will indude plans for this monitonng 

CDH-2 COMMENT 

Fiaure 1-5 

The location of the 903 Area 'Lip' is inconsistent with the historical definition of the 'Lip: particularly 
with regard to what was removed and the material shipped to NTS as low level radiological waste 
The historical 'Lip' is SE of the 903 Pad, over the brow of the hill (a depositional area of windblown 
contamination) The narrative does mention the removal in relation to the metals destruction area that 
occurred there also Considerable covering and recontouring of the 903 Area has occurred which 
will complicate cleanup/removal 

RESPONSE 

The 903 Pad .Ltp" Area illustrated in Figure 1-5 is consistent with the area portrayed on the original 
SdM Waste Management Unit (SWMU) map found in the Comprehensive Environmental Assessment 
and Response Program Phase I document 

Final Phew II RFI/RI Work Plan (Alluvial) 903 Pad Mound and East Trenches Areas 
Rocky Rats Plant Golden Colorado 
eg&~\903pad\ou2 ph2\attch 5 feb 

Revision 1 
28 February 1991 

Attachment 5 0 Page 620 



CDH-3 COMMENT a- 1 

Previous invesfigations, item 8 makes minor reference to meteordogical sWies but does not detail 
This should have included a study of fugitive particulates 

RESPONSE 

The annual environmental monitoring reports produced by Rockweli International and now EG&G cover 
ambient air quality monitoring for radioactive particulates (See Section 2 3 6, pp 2-81 through 2-86) 
There are several meteorological studies which will be reviewed during the Phase II RFI/RI tf additional 
meteorological information is required Some deal with contaminant transport and resuspension of 
particulates (Langer, G ’Fugitive Dust Measurements and Modeling’, Langer G ,1989, ‘R88Usp811Sion 
of Rocky Flats SOU Partides Containing Plutonium”) 

The routine monltorlng that has been done for Total Suspended Particulate VSP) is lnduded In both 
the monthly and annual Environmental Reports for Rocky flats Data are available for TSP since 1981 
at one location near the east entrance to the Plant 

CDH-4 COMMENT 

Section 1 4 1 1 P w  1-lg 

There is no reference to HASL-235 information which indicated that the loss of control of materials WBS 
greater than 86 grams It may be that other documents referenced do include discussion of HASL-235 
et seq documentatton Also recognize that statements made about inventory lost from control we time 
related, in that the plant boundary has changed over the years 

RESPONSE 

The investigative results presented in U S  Atomic Energy Commission (EC) Health and Safety 
Laboratory (HASL) Report HASL-235 reveal that an estimated 4 5 Curies (Ci) of Rocky flats plutonium- 
239 are found in the soil bounded by the 3 mNiiCuries per square kilometer (mCi/km2) concentration 
contour around Rocky Flats as mapped in the document An additional 3 2  Ci could have been 
released from the Plant to remote areas beyond the 3 mCi/km2 contour This release by wind dispersal 
would equal a total of 125 grams of plutonium-239 A reference to these findings has been added to 
Section 1 4 1 1 (see pp 1-21 through 1-23) 

CDH-5 COMMENT 

Section 1 4  1.2 Paae 1-23 

The off-site disposal location of the first two soil cleanups is unknown Is the off-site disposal location 
of the 214 tri-wall pallets of conteminated soil removed during the 1984 third soil clean up unknown 
as well? 

RESPONSE 

The available references do not provide any information concerning the off-site disposal location of 
contaminated soil from the 1984 third soil cleanup 

Final Phase II RFI/RI Work Plan (Alluvial) 303 Pad, Mound and East Trenches Areas 
Rocky flats Plant Golden Colorado 
eg&g\g03pad\ou2 ph2\aitch 5 feb 

Revision 1 ! 
28 February 1991 

Attachment 5 0 Page 521 



CDH6 COMMENT 

4B sectron i 4 2 2 Pape 1-a 

Ground penebgtrng radar or some other kind of noninvasive geophysical invesbgatron should be done 
to define the location of the 125 burred drums in Trench T-1, SWMU Ref No 108 

RESPONSE 

A magnetometer survey was conducted during the Phase I RI Drum locations as determined by this 
investigation and by visual inspection are shown in Figure 1-8 

CDH-7 COMMENT 

section 1 4  3 1 Paae 1-27 

Again, some kind of noninvaswe geophysical investrgation should be done to define the location of 
the 300 buned drums 

RESPONSE 

Figure 1 8  exhibbs the location of the barrels as determined by wsual inspection and magnetometer 
survey 

CDH-8 COMMENT e 
*tion 2 Q 

Phase I Site Evaluation rtem nine, air monitoring for total long lived, alpha, plutonium, and volatile 
organics during field actrvities is listed, however, the collectron and analytrcal methods shouM also 
be referenced for evaluation 

RESPONSE 

A discussion has been added to Section 2 3 6 (see pp 2-81 through 2-86) describing the field air 
monitoring conducted dunng the Phase I site evaluation including the sampling protocols and results 

CDH-9 COMMENT 

Table 2-9 

Regarding radiological parameters, the results for sediments should be in pCi/gram, not pCi’iter 

RESPONSE 

Table 2-5 (previously Table 2-3) has been corrected to show picoCuries per gram (pCl/g) as the unit 
for sediment radiological parameter results 
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CDH-10 COMMENT 

Table 2-4 

Are the radiological parameter results to be in pCi/f or pCi/g? 

RESPONSE 

Table 2 4  (previously Table 24) has also been corrected to show pCi/g as the unit for radiological 
parameter results 

CDH- 11 COMMENT 

Section 2 3 1 Paae 2-14 

It is not an acceptable practice to use background concentrations derived from maximum detectable 
values i e sample size less #an seven and in some cases as few as two samples, to Menti& 
contaminated sites It is acceptable to use maxImum background values for borehole and monttoring 
well placement All background concentratrons used to M e w  contaminated sites must be within 
95% upper tolemce interval limits, or 95% or higher upper confidence Interval limits 

RESPONSE 

Maximum detected background values are used for comparison with site-specific data when tolerance 
intervals are not available The text in Section 2 3 1 (see p 2-18) has been modified to state that 
tolerance intervals will be used to assess the presence of contamination, whereas site-specific chemical 
concentrations above the maximum detected background values will be considered a preliminary 
indication of contamination 

CDH- 12 COMMENT 

*tion 2.3 2 1 Peae 2-24 

No reference to HaL-235 et seq documentation There is no mention of the work done by Mlchels 
(RI) who did work on the depth of soil contamination penetration in the 903 Isreg Michels dso 
published information regatding background Pu in the midwest for comparison with the RFP etndrons 

RESPONSE 

HASL-235 IS a document prepared by P W Krey and E P Hardy of the AEC HASL on August 1,1970 
The report references the work of Dr Martell Following a serious fire at Rocky Flats on May 1 1,1969, 
Dr Martell demonstrated the presence of plutonium-239 in sol around the Plant Subsequent to this 
discovery, HASL was invited to perform a study of the plutonium-239 distribution in soil around the 
Piant The HASL study was also designed to determine the source, quantity, and extent of Rocky Flats 
plutonium off AEC property 

The investigation findings indicated that leaking barrels of plutonium-laden cutting d stored in the 
southeast comer of the Piant (903 Drum Storage Area) were the likely source of the dfsite plutonium 
This conclusion was made based on historical wind behavior patterns, release estimates, and 
concentration contour configurations 
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The HASL-235 does not mention any work conducted by Michels nor does it ptesent any information 
on sol sampling beneath the 903 Pad or background plutonium concentrations in the midwest 

CDH-13 COMMENT 

section 2 3 2 1 P-7 -3 1 

The reduction of Pu/h contamination by wet screening is suspect While Pu attaches to clay 
particles and parbcle she separation (a soils clasSnication me~dogy uwd by USGS and Dr 
Johnson) is feasibleD there are complicabons The wet process dekes cmslderabk water and total 
destrucbon of the particle conglomerates The treatment and disposal of such waste water would 
present addironal complications Dry separation is also prob/ematJc due to the dust genemted even 
with closed systems Clewlend (RI now USGS) M e d  the p~ocess wing clean sol1 lmsuccessfully at 
the Sweeny Mlning and Milling facillly on Sugatfoaf above Boulder 

RESPONSE 

The reference in Section 2 3 2 1 (see p 2-31) to the use of wet screening for the reduction of plutonium 
and americium soil contamination below the 903 Pad is cited as a conclusion drawn from a study 
conducted by Navratil(l979) Wet and dry separation methods will be thoroughly evaluated during the 
CMS/FS 

CDH- 14 COMMENT 

2 P  - 7  a Sectronaae23 

e 

The 903 Drum Storage are% has been identified as the wind dispersal stwrce of ground surface 
plutonium and americium contamination at the MoundD Oil Bum Pit and T m h  Sites There should 
be a meteorological anatpis of the direcbon of prevailing winds over the site with respect to 
tspogrephv Were there topogmphical features where winds could have deposited dgnmcant amounts 
of radionuclide contaminated soil before the pad was placed on 9033 

How many additional soil samples will be collected from borings at both possible Pallet Bum Sites? 
Will the soil sampling tests and data needed to evaluate depth and extent of plutonium in solls at both 
Pallet Burn sites be completed and presented in the Drafr phase RI Plan? 

RESPONSE 

A meteorological analysis along with the plutonium/americium profile data will be used in substantiating 
or refuting the theory that the 903 Drum Storage Area is the source of surficial Soir plutonium and 
amencium contamination The results of the investigation will be presented in the draft Phase II RFI/RI 
Report 

The proposed boreholes for the Phase II field investlgatkm are discussed in Section 5 3 2 of the work 
pian along with an explanation of the sampling methodology As discussed in this Section, the possible 
westem location for the Pallet Bum Site is inaccessible, and therefore, additional borings are not 
proposed An additional borehole (BH2891) will be drilled in the possible eastern location to aid in 
evaluating the site boundary All soil analytical resutts will be provided in the draft Phase II RFI/RI 
Report 
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I CDH-15 COMMENT 

@ Section 2.3.2 Soils 

What radionuclides, other than americium and plutonium will be tested for in evaluetion of elevated 
Pu and Am ConcenbgtJon in surface soils9 

RESPONSE 

Surficial soil samples and vertical profile samples will be analyzed for plutonium-239+240 and 
americium-241, uranium-233+234, uranium-235, and uranium-238 as discunaarl in Section 5 4 
Boreholes ddied to characterize IHSSs will be sampled for the full suite of radionudfdes presented in 
Table 5-3 

CDU- 16 COMMENT 

Section 2 3.2.7 

903 Pad & Lip Sites Ph i RI Soil invesbgation Results How many and where, wiii fhe additional 
boreholes, through and immediately adlacent to the pad during Phase !I R1 valldation of VOC soil 

I contaminatron be placed? 

Page 2-35 SpeCHv what additronal surficial soil and soil profiling is going to characterize the 
radionuclide distribution on the $03 Pad and Lip Sites 

RESPONSE 

The proposed boreholes for further investigation of the 903 Pad Area are presented in Section 5 3 1 
Thirteen bonngs are proposed within and adjacent to the ped to characterize the vertical and horizontal 
extent of radionudide and sohrent contamination 

Section 5 4 provides a discussion of the sutfkial soil sampling and prdile sampling program to be 
conducted for the Phase II investigation Soil samples for plutonium, americium, and uranium will be 
collected from 122 grids (surface scrapes) Also, vertical profiles of these radionuclides to a depth of 
one meter will be determined at 22 locations The sampling locations are near the 903 Pad, Mound, 
and East Trenches Areas and in the buffer zone to Indiana Street 

CDU- 17 COMMENT 

Section 2.3 2 3  pap^ 2-38 

Page 2-39 What was the depth of the uppermost soil sample taken at Borehole BU 52-87, where the 
most contaminated soil was found? 

RESPONSE 

The uppermost soil sample taken at borehde BH52-87 was composked from 0 to 9 5 feet below ground 
surface (see p 2-41) 
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CDH-78 COMMENT 

0 Section 2 3.3 7 Peoe 2-42 

Will the CCI, plume et 903 Ped be sufficiently delineated by information gained from the edditionel 
boreholes pleced immedieteiy edjecent to the pad, refemd to in Section 2 3 2 1 for IOC soil 
conteminetion Ph ii RI Velrdation? 

Pege 2-48 How many end where will the edditionel monitoring weils to delineate the extent of PCE 
conteminetion, (sou#eest dmgradient of the 903 Ped end T m h  T-2), be placed? 

Page 249  How will the eddibonel date required to essess the SignniCence of cMorofomr in wells 28- 
87 end 30-87 be gethered? 

Page 2-50 
ecetone conteminetion et well 36-878R3 

Whet further sempling and enebis will be done to r e a  ~~WIJWW chlorMe end 

RESPONSE 

Eighteen new alluvial monitoring wells are proposed to further deRne the extent of vdatle organics in 
the shallow ground-water system east and southeast of the 903 Pad Area Thirteen boreholes are 
proposed wtthin and immediately adjacent to the 903 Pad to characterize the vertical and horizontal 
extent of both solvent and radionuclide Comemination beneath the pad Samples from the ploposed 
monitoring wells and boreholes for the Phase iI investigation should provide sufficiertt informetion to 
delineate the carbon tetrachloride plume In the 903 Pad Area as well as determining the extent of 
solvent contamination in the soils beneath the pad 

Section 5 2 1 1 provides a discussion of the number and location of proposed aliwial monitoring wells 
for the Q03 Pad Area A total of eighteen new wells will be Installed during Phase II to aid In defining 
the extent of volatile organic in ground water in the 903 Pad Area 

In order to assess the significeme of the isolated reports of chlordorm in weNs 28-87 and 30-87, 
additional monitoring of these wells MI be conducted and add#ional monitoring wells WYI be installed 
in unweathered sandstones in the area This work WYI be conducted during the Phase II bedrock 
investigation as Wined in the Phase iI RFI/RI Work Plan (bedrock) 

Well 36-87 will continue to be sampled during the quarterly sampling program The additional 
methylene chloride and acetone data wli provide the necessary information to determine tf the previouS 
reports of these analytes in well 36-87 represent actual contamination or are Iaboratoty attifact. 

CDH- 19 COMMENT 

section 2 3 6 P u e  2-81 

The ambient air date is not prowded by it?dmiue/ sfation, which is important, as the indhddd stabon 
data of significance is weshed out in averaging The resultent summery talks in generalities only 
There is a need to require historicel eir sempling date es cumnt concentnrtions ere lower, due to 
sutficiel buriel of the conteminetion 
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RESPONSE 

Site speck air monitoring results are now presented in Section 2 3 6 of the revised work plan (see pp 
2-8 through 286) All data collected as part of the Radioective Ambient Air Monitoring Program 
(RAAMP) are reported monthly by indivMual site These data are available in the Rocky Flats Plant 
Monthly Environmental Monitoring Reports 

CDH-20 COMMENT 

&we 2-84 

The last sentence refers to airborne plutonium contaminaffon as belng In compliance with Clean Air 
Act regulations (40 CFR 61) Subpart H of 40 CFR 61 Is the National Emlsslon SlandW for 
Radionuclide Emlsslons from Department of Energy (DOE) feclllties This cows mdionuclkle 
emissions as a whole and not specifically for plutonium as implied in the document There are no 
specific standards for plutonium in the CFR or State Regulations 

RESPONSE 

The text has been modified to remove the implication that there are specific standards for plutonium 
in the Code of Federal Regulations (CFR) or state regulations (see p 2-65) 

CDH-21 COMMENT 

Section 2 3 8 P m  2-85 

The summary of contamination only addresses ground water There are no statements regenling soil 
con tamina tion 

RESPONSE 

This section has been modMed to cite the principal contaminants in each environmental media 

CDH-22 COMMENT 

Section 2 4 

Applicable or Relevant and Ahoroprate Requirements shouM also include a reference to the Colorado 
Clean k r  Act and the kr Quality Control Commission’s (AQCC) Regulatlons The AQCC regulations 
are especially importent for considerations of complete or pertiel removal and treatment of wastes and 
contaminated soils, which are again referred to in Secbon 2 5 The regulabons also apply for In-situ 
treatment 

RESPONSE 

ARARs addressing contaminants in air will be addressed in the CMS/FS Report. In general, federal and 
state standards for air exist only as source- or acthrity-specific requirements and, accordingly, will be 
addressed in detail in the FS process 
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The correct units for radionudkles is picoCuries per liter (pCi/L) The revbed table (Table 7-1) rellects 
this correction Proposed ARAR standards presented in the revised text are for ground water, as 
discussed above 

CDH-24 COMMENT 

Table 2-13 Paue 2-9@ 

Response actions and reimedlal rechndogies should Include COntroJs d dr emisdons for study and 
revieW 

RESPONSE 

Table 2-17 @reviously Table 2-13) provides an ovewiew d generd rmponse actbns and appIica#e 
technologk and Is not Intended to provide details of secondary waste generation or air emission 
controls The need for and effecthreness of air mission controls wRI be evaluated for all techdogies 
that generate air pollutant emissions 

CDH-25 COMMENT I 

Paae 3-7 Table 3-2 

Are the units in mg/iter or pCI/1 for mdidogical parameters? The table does not eddress sol1 or 
sediments 

RESPONSE 

Table 3-2 in the Aptil 12, 1990 submhtal provlded redundant lnformatiwr relathre to Table 2-13 and 
therefore has been deleted 

CDH-26 COMMENT 

Section 4 Q 

The author of this section has provided a well written conelse outline of the work ahead 

RESPONSE 

No response required 

CDH-27 COMMENT 

Section 4.7.7 P w  3 

The four methods proposed for treatabilhy study sound interesting and promiSng 
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RESPONSE 

Piease note this section has been modified to address all on-gdng treatability study programs 
applicable to contamination at OU No 2 

CDH-28 COMMENT 

The DMdon realizes that the slte WMe Health and Safely AnalysisB Q&hy Assurance, Prevention of 
Contaminant D i ~ m  and Sampling and Aneljrsis docwnents haw not been sutnnltted for review 
at this time Inclusion of the relevant parts of these documents is m t e  

It appears a t  some of the earlier comments on addibonel sumpling were pmtnetwe 

RESPONSE 

The inter-agency Agreement (IAG) specifies that the Sampllng and Analysis Plan (SAP) is to include 
a Qualtty Assurance Project Plan (QAPjP) and Standard Operating Procedure (SOP) for all field 
actMties A dmft QAPjP for slte-wtde RCRA and CMpreherWe Environmental Response, 
Compensation, and UabUlty Act (CERCU) actMtieswas submhted tothe reQulatoryagencrceS in August 
1990 A GRRASP has already been prepared which is the scope of work for analytical wvkm The 
current Rocky flats Piant SOPS were submltted to EPA and CDH in August 1990 The Environmental 
Restoration Health and Safety Project Pian (ERHSPP) is in final form On August 1990 a draft of the 
document was submltted to the regulatory agencies for review The Department of Energy (DOE) 
revised the plan based on regulatory agency comments and resubmitted a final document to the 
agencies for Rnal review A site-spec#ic Health and Safety Plan (SSHSP) defining the protocol for 
protection of fietd workers during Phase II operations wlll be submitted as well After finaliEakn and 
approval of the work plan, the ERHSPP and OU No 2 SSHSP WM not undergo formal public review, 
but Wyi be avaliable to the public A draft Prevention of Contamimnt Dieperslon (PPCD) was completed 
in September 1990 and is currently being reviewed by EPA and CDH The PPCD wlll be avalla#e for 
public review and comment on 1 March 1991 per the dmft IAG schedule 

CDH-29 COMMENT 

Don Michels in the 1970s identified that the plutonium contamination had penetrated to at least 8 cm 
There is not enough detail presented to concur in the samp/ing approach The proposal is not 
definitrve Pu contamination identified at BH3&87 is at depths greater #an 20 feet Inventory sampling 
procedures will yield much greater than 2 dpm/gmn all the way to Indiana Street Depth profile 
(inventory) soil samplrng data needs to be presented in uCi/m* or mCi/km? for comparisons with 
historical information and materials balence (there has been no mass wasting or erosion and removal 
from these large areas) 

RESPONSE 

Sutfkiai soil radionudkle contamination at OU No 2 will be investigated by collecting 122 surficiai soil 
scrapes (1 /8' depth) and sampling from 22 vertical sail profiles The vertical prdUe samples will extend 
below the depth of 8 cm Profile soil sampling analytical results wii be presented in mkroCuries per 
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square meter (&i/mz) or mCi/km2 in the draft Phase II RFI/RI Reports for comparl8on wlth Worical 
information 

CDH-30 COMMENT 

E b m E s  

Needs a PIOflle sample due Bdst at IndIRnR slreet due tu the Wndsfrew? fiW In Umt u m  

RESPONSE 

A sampling location for an additional proftle sample has been added in the area of the lnbrsectbn of 
the Rocky Flats Plant east access road with Indiana Street (Figure 5-2, plevkusly Figure 5-5) 

CDH-31 COMMENl 

This section needs uranium analysis data included Regarding the East Trenches data, all BH 53-87 
2-3 5 feet deep analyses 0 98 pCvgm, which is in EUIC~SS of the State soil standard 

RESPONSE 

Uranium 233+234,235, and 230 do not appear to be contaminants of surficiel soils unlike plutonium 
and americium Uranium contamination at specific IHSSs will be assessed from borehole d s  data 
where the WI suite of radionudides will be analyzed Fable 5-2) Boreholes to be drilled into iHSSs wili 
extend from the ground surface to the base of weathered bedrock Continuow, samples will be 
collected for geologk descripions for the entire borehole depth F m  this core, discrete saamplee will 
be submltted for laboratory chemical analyses evwy two feet from the ground surface to the water 
table In addition, a discrete sample will be collected for chemical analysis at the water table Core 
from saturated surficiai materiels will not be submitted to the laboratory, as the presence of water in 
this zone wlll affect interpretation of chemical mutts In order to prevent alluvial ground water from 
affecting weathered bedrock samples, surface casing will be grouted into the borehole through surficial 
materials Subsequent to grout hardening, the borehole will then be advanced through weatherd 
bedrock wlth continuous sampling Discrete samples from the core will be submitted to the leboratoty 
for chemical analysis from two feet immediately below the casing and every four feet thereaftw to the 
base of weathering Section 5 2 3  has been deleted because the informaUon concerning surflcial 
sampling is provided in Section 5 1 3 

CDH-32 COMMENT 

The Bppendix does not include soil or sediment ARARs 

RESPONSE a The appendices provide analytical resuits only The discusun of A M s  is presented In Section 7 0 

Final Phase II RFI/RI Work Plan (Alluvial) 903 Pad, Mound, and G8t Tnnchos Arras 
Rocky Flats Plant Golden Colorado Rewuon 1 
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